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ANNUAL  REPORT 

of  the 

DIRECTOR,  MENTAL  HEALTH  INTRAMURAL  RESEARCH  PROGRAM 

NATIONAL  INSTITUTE  OF  MENTAL  HEALTH 

October  1,  1977  -  September  30,  1978 

John  C.  Eberhart,  Ph.D. 

The  annual  summary  reports  by  our  Laboratory  and  Branch  Chiefs,  which  con- 
stitute the  bulk  of  this  Intramural  Research  Program  Annual  Report,  each 
year  become  a  more  useful  record  of  the  year's  scientific  events  and  accom- 
plishments. More  people  are  asking  to  see  them,  they  serve  to  orient  new 
members  of  our  staff  and  members  of  our  Board  of  Scientific  Counselors,  and 
they  inform  our  Agency  and  Departmental  officers  and  interested  members  of 
the  public  on  the  range  of  inquiry  and  the  achievements  of  the  program. 
This  year  again  they  describe  a  fruitful  twelve  months  in  the  laboratories 
and  branches  of  all  three  Divisions.   They  will  not  be  further  summarized 
hers,  but  I  encourage  the  reader  to  explore  the  year's  record  through  them. 

I  want  to  review  some  of  the  year's  events  as  they  relate  to  administration, 
budget,  space,  and  personnel. 

ADMINISTRATION 

The  new  Administrator  of  the  Alcohol,  Drug  Abuse,  and  Mental  Health  Admini- 
stration (ADAMHA) ,  Dr.  Gerald  L.  Klerman,  whose  appointment  was  announced 
last  year,  was  confirmed  by  the  Senate  early  in  this  Fiscal  Year,  on 
October  29,  1977.   Not  long  after  that,  in  late  December,  Dr.  Bertram  S. 
Brown  was  dismissed  as  Director  of  NIMH,  and  a  search  was  instituted  fairly 
promptly  for  a  successor.   In  June,  1978,  Dr.  Herbert  Pardes,  Chairman  of 
the  Department  of  Psychiatry  at  the  University  of  Colorado  Medical  School, 
was  announced  as  the  new  Director,  and  he  came  on  duty  in  mid-August. 

There  is  little  point  in  trying  to  review  here  the  details  of  this  transition 
or  the  reasons  behind  it.   For  the  record  though,  it  may  be  of  interest  to 
quote  one  brief  public  account  from  the  July  7,  1978,  issue  of  Psychiatric 
News.   Said  one  of  its  news  columns  (page  17) : 

"l>7hile  in  the  strict  sense  the  directorship  of  the  National  Institute 
of  Mental  Health  is  not  a  political  position,  less  strictly  there  is 
precious  little  in  Washington  that  is  not,  to  one  degree  or  another.   Would 
Bertram  Brown,  who  had  no  shortage  either  of  advocates  or  adversaries, 
survive  the  advent  of  the  Carter  Administration?  For  almost  a  year  he  did, 
although  during  much  of  that  time  he  had  a  new  boss  who  was  "acting,"  meaning 
in  this  case,  awaiting  Senate  confirmation.   (The  delay  in  confirming 
Gerald  Klerman,  M.D.,  as  ADAMHA  director  apparently  meant  nothing:   Senate 
confirmation  of  scores  of  appointees  is  less  than  orderly,  systematic,  or 
logical,  and  rarely  perceived  as  pressing.)   Shortly  after  Klerman  was 
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confirmed,  Brown  was  advised  that  he  would  be  shifted  to  a  new  PHS  assignment 
on  the  grounds  that  occasional  turnover  in  high  federal  places  is  a  good 
thing.   (Brown  could  not  be  fired  from  the  PHS  commissioned  corps;  he  could, 
however,  have  been  reassigned  to  Kodiak,  Alaska.  Actually  he  continues  to 
chalk  up  time  toward  his  soon-to-arrive  pensioning  while  working  at  the 
Smithsonian  on  a  book  about  Russian  psychiatry,  under  a  Woodrow  Wilson 
Fellowship . ) " 

Though  the  changes  in  leadership  have  had  a  major  impact  on  the  NIMH,  the 
Institute  has  survived.   In  spite  of  the  fact  that  the  transition  has  con- 
tributed to  a  level  of  instability  as  high  as  I've  seen  it  in  the  NIMH,  major 
functions  have  not  fallen  by  the  wayside  and  few  major  staff  members  have 
left  because  of  it.   In  considerable  measure  the  Institute's  continued  effec- 
tive functioning  can  be  credited  to  the  leadership  of  Dr.  Neil  Waldrop  as 
Acting  Director  during  this  eight-month  interim  period.   His  highly  respon- 
sible and  firm  administration,  his  level-headed  and  astute  adjudication  of 
issues,  and  his  responsiveness  to  staff  and  program  needs  have  been 
exceptional. 

We  look  forward  to  getting  better  acquainted  with  the  new  Director, 
Dr.  Herbert  Pardes,  and  to  acquainting  him  with  the  range,  richness  and 
variety,  and  problems  of  the  Intramural  Program. 

During  the  year  representatives  of  the  three  Institutes  in  ADAMHA  began 
meeting  weekly  in  a  new  Science  and  Research  Advisory  Group  (SRAG) . 
Dr.  Klerman  or  his  Deputy,  David  Kefauver,  usually  attended.   The  meetings, 
which  are  continuing,  are  devoted  to  Issues  that  cut  across  Institute  lines, 
such  as  (a)  the  possibilities  of  securing  new  Intramural  research  space  for 
the  ADAMHA  institutes;  (b)  developing  the  principles  for  ADAMHA' s  contribu- 
tion to  a  five-year  DHEW  health  research  programs  plan;  and  (c)  reviewing 
and  developing  the  functions  of  a  proposed  new  Division  of  Research  in  the 
ADAMHA  Administrator's  Office  which  would  be  concerned  with  research  policy. 
Members  from  NIMH  were  Drs.  Louis  Wlenckowski,  Frank  Sullivan,  and  the 
writer.   Drs.  William  Pollln  for  NIDA  and  Gian  Carlo  Salmolraghl  for  NIAAA 
were  principal  representatives  of  those  Institutes.   Like  most  staff  groups 
it  is  not  strictly  advisory  nor  is  it  governing,  and  the  search  for  a  satis- 
factory format  and  operating  principles  Is  continuing.   Though  SRAG  has  its 
problems,  the  need  for  some  such  forum  Is  sufficient  to  justify  continued 
effort  to  make  It  work. 

BUDGET  AND  POSITIONS 

The  Intramural  dollar  does  not  fluctuate  much  because  as  a  direct  operation 
we  could  spend  significant  increases  only  by  adding  staff  and  we  can  cut 
budget  only  by  reducing  staff.   Our  dollar  problems  have  thus  had  to  do  not 
with  salaries  but  with  other  costs,  called  "Other  Objects."  The  costs  of 
equipment,  supplies,  and  travel  continue  to  go  up,  but  our  budget  does  not 
keep  pace.   In  1978,  for  examplfe,  we  surveyed  our  laboratories  to  determine 
which  equipment  needed  replacing  because  of  obsolescence  or  wear.   The  total 
was  something  over  one  million  dollars.   It  is  not  available  in  the  current 
budget.   For  1979  we  have  requested  adequate  "Other  Objects"  funding  to  meet 
current  costs  plus  some  of  this  backlog,  and  for  1980  we  have  asked  for  an 
"Other  Objects"  increase  of  $1,200,000. 


Intramural  travel  too  is  seriously  underfunded — a  chronic  state.   Although 
the  Institute  suffers  with  us  in  this  regard  because  of  Congressional  and 
Departmental  constraints,  we  have  made  a  strong  case  for  a  higher  quota  in 
FY  1979. 

We  will  continue  to  present  our  dollar  needs  as  vigorously  as  we  know  how. 
Not  only  is  the  effectiveness  of  our  daily  operations  dependent  on  the  level 
of  "Other  Objects"  funds,  but  we  also  are  seriously  handicapped  in  (a)  replac- 
ing obsolete  and  worn-out  equipment;  (b)  purchasing  or  contributing  to  the 
purchase  of  very  expensive,  but  vital  new  instruments  such  as  the  Emission 
Computer-assisted  Temography  System  and  the  Energy  Loss  Spectroscopy  combined 
with  the  electron  microscope;  (c)  contracting  where  we  need  to  for  services 
needed  to  follow  through  on  major  research  findings  (such  as  toxicological 
testing  on  new  compounds  of  potential  therapeutic  importance  when  the  work 
cannot  be  done  here;  and  (d)  allocating  funds  to  occasional  projects  of  major 
importance  when  an  outside  organization  needs  to  be  supported  to  collect  data 
(an  opinion  or  values  survey,  for  example,  or  a  hospital  or  clinic  where 
genetic  or  diagnostic  data  have  to  be  obtained  by  the  organization's  staff). 

In  the  end,  however,  an  intramural  program's  accomplishments  depend  on  people, 
rather  than  on  dollars.   I  reported  a  year  ago  the  loss  during  FY  1977  of  25 
positions  from  our  ceiling  of  373,  subsequent  to  a  freeze  on  vacancies  and 
restrictions  on  hiring.   I  am  glad  to  report  that  the  positions  were  restored 
early  in  1978.   I  am  further  pleased  to  report  that  we  were  given  15  addition- 
al positions  in  April.   These  had  been  included  in  the  House  appropriation 
bill  for  FY  1978,  for  use  by  the  Intramural  Research  Program,  "particularly 
for  research  in  psychopharmacology. "  Though  the  positions  were  of  limited 
use  this  year,  since  no  money  came  with  them,  we  kept  four  in  a  reserve  and 
doled  the  rest  out  very  carefully,  with  special  regard  for  their  usefulness 
in  psychopharmacological  research.   This  was  the  first  significant  'increase 
in  our  personnel  strength  in  ten  years.   The  Intramural  Research  Program 
personnel  ceiling  is  now  388. 

At  the  same  time  the  1979  budget  process  has  been  continuing,  and  the  appro- 
priation bills  in  both  House  and  Senate  as  of  now  contain  40  additional 
positions  for  NIMH  Intramural  to  establish  a  research  program  in  geriatric 
psychiatry.   We  have  been  requesting  such  resources  for  each  of  the  past 
five  years  because  of  the  relative  neglect  of  the  cluster  of  research 
problems  involved  in  the  mental  disorders  of  the  elderly.   If  the  positions 
are  voted,  we  plan  to  inagurate  the  program  at  St.  Elizabeths  Hospital  as  a 
part  of  the  Division  of  Special  Mental  Health  Research.   Dr.  Richard  Wyatt 
has  accepted  responsibility  for  planning  and  developing  the  program.   As  he 
says  in  his  annual  report,  "We  expect  that  our  initial  studies  will  be  broad. 
We  will  study  pharmacology,  sleep,  memory,  depression,  schizophrenia,  and 
reaction  to  disease  and  death.   Our  major  thrust,  however,  will  be  the 
reversible  and  irreversible  dementias."  The  start  of  a  program  like  this 
will  be  a  major  advance  in  an  important  area. 

We  have  talked  on  several  occasions  with  Dr.  Robert  Butler,  Director  of  the 
National  Institute  on  Aging,  and  members  of  his  staff  about  the  future  of  the 
proposed  program,  and  have  been  pleased  at  their  interest  and  willingness  to 
participate  in  appropriate  ways.   Dr.  Butler  himself  has  been  extremely  help- 
ful.  The  Directors  of  NINCDS  and  NHLI  have  also  expressed  an  interest,  and 


there  will  be  further  consultations  and,  we  hope,  cooperative  efforts  as  the  | 
program  develops. 

Nearing  completion  this  year  is  a  change  in  the  status  of  the  Section  on 
Technical  Development  from  that  of  section  to  the  "Research  Services  Branch." 
Final  approval  is  expected  shortly.  Dr.  Theodore  R.  Colburn  will  continue  as 
Chief.  Branch  status  is  more  appropriate  for  this  unit  because  it  encompass- 
es equipment  design  and  fabrication,  computer  expertise  for  the  whole  program, 
and  animal  medicine  and  care.  The  latter  function,  under  Jere  M.  Phillips, 
DVM,  was  added  to  the  Section  last  year. 

SPACE 

As  I  reread  my  comments  in  this  space  last  year  about  the  effort  to  secure 
new  intramural  space,  preferably  on  the  NIH  campus,  for  our  Division  now  at 
St.  Elizabeths  Hospital  plus  the  intramural  programs  of  NIDA  and  NIAAA,  it  is 
hard  for  me  to  believe  that  a  year  has  passed.   I  know  that  discussions  have 
continued  but  nothing  seems  to  have  happened.   I  am  reminded  of  the  years 
preceding  the  completion  of  Building  36  and  Buildings  110  and  111  at  the  NIH 
Animal  Center — in  some  annual  reports  I  was  having  to  report  that  completion 
deadlines  were  receding  even  more  rapidly  than  time  was  passing.   Actually 
some  progress  has  been  made  this  year . 

It  was  apparent  a  year  ago  that  we  needed  to  formulate  a  concise  statement  of 
ADAMHA's  intramural  space  needs  for  presentation  to  NIH,  thus  to  inagurate 
discussions  or  negotiations  designed  to  answer  a  major  early  question:   Can 
NIH,  and  will  NIH,  provide  such  space  for  these  programs  on  the  NIH  campus? 
This  is  the  solution  we  favor,  for  obvious  reasons,  and  the  one  recommended  by 
the  President's  Panel  on  Biomedical  and  Behavioral  Research  in  1976.   It  took 
longer  than  expected  to  draft  a  satisfactory  request,  but  on  May  30,  1978, 
Dr.  Klerman  addressed  a  memorandum  to  Dr.  Fredrickson  stating  the  ADAMHA  needs 
as  60  beds,  the  space  necessary  to  house  those  beds  and  related  patient  care 
operations,  and  about  130,000  square  feet  of  laboratory  and  office  space. 
Dr.  Fredrickson 's  reply  indicated  a  sympathy  for  the  need,  an  appreciation 
for  the  difficulty  of  reaching  an  ideal  solution  to  the  problem,  and  a  will- 
ingness to  discuss  the  matter  in  detail.   Subsequently,  a  joint  NIH-ADAMHA 
negotiating  committee  consisting  of  Drs.  DeWitt  Stetten  and  Philip  Chen,  and 
Mr.  James  Hawkes  for  NIH,  and  Mr.  David  Kefauver  and  Drs.  William  Pollin  and 
the  writer  for  ADAMHA  was  appointed.   It  held  one  meeting  in  early  July  and 
meetings  will  soon  resume. 

NIH  has  also  appointed  a  "Long  Range  Planning  Group  on  NIH  Facilities,"   of 
which  I  am  a  member,  the  immediate  stimulus  for  which  was  the  discussions 
with  ADAMHA  about  its  needs  for  intramural  laboratory  space.   But  the  overall 
charge  to  the  Planning  Group  is  much  broader.   As  Dr.  Stetten,  the  Chairman, 
put  it  in  his  memorandum  to  members  (December  5,  1977),  "Discussion  of  the 
ADAMHA  alternatives  will  be  carried  out  in  the  larger  context  of  (a)  the 
total  development  plan  for  the  NIH  reservation  (i.e.,  revision  of  the  attached 
current  NIH  Master  Plan) ,  as  well  as  (b)  the  total  needs  of  NIH  programs  for 
off-site  space." 

Work  on  the  Ambulatory  Care  Research  Facility  has  proceeded  well  and  is 
apparently  up  to  schedule.   In  early  September  the  first  unit  will  open — a 


three-level  garage  with  room  for  800  cars  under  the  west  end.  With  good 
cooperation  from  the  NIH,  we  have  been  gradually  solving  our  problems  of 
turn-around  space  and  expect  to  meet  no  insurmountable  problems  in  the  rest 
of  the  construction  program. 

When  the  Ambulatory  Care  Research  Facility  is  finished  much  of  our  present 
clinical  and  laboratory  space  in  Building  lO  is  scheduled  to  be  thoroughly 
refurbished.   As  a  part  of  that  effort  the  Clinical  Center  will  support  a 
contract  for  a  remodeling  design  study  of  our  clinical  wards  by  an  outside 
firm,  one  that  will  be  guided  by  the  needs  of  psychiatric  patients.   The 
study  will  make  use  of  experts  on  color,  lighting,  space  treatment,  and 
social  psychiatry. 

PERSONNEL 

During  most  of  the  year  a  bill  to  revise  the  Civil  Service  system  has  been 
advancing  slowly  through  the  legislative  process.   Because  it  can  have  a 
potentially  serious  impact  on  Federal  scientists,  I  would  like  to  make  some 
comments  on  it  here.   The  present  status  of  the  bill  as  I  wrote  this 
(September  14,  1978)  is  that  it  has  been  passed  in  somewhat  different  ver- 
sions by  both  Senate  and  House,  and  it  is  highly  likely  that  the  differences 
will  be  reconciled  in  conference  in  the  near  future.   Newspaper  predictions 
are  that  a  bill  will  become  law  before  the  Congress  adjourns  in  October. 

The  proposed  Civil  Service  Reform  Act  contains  many  provisions  that  I  shall 
not  discuss  here,  such  as  the  reorganization  of  the  Civil  Service  Commission, 
changes  in  Government-union  relations,  change  in  veteran's  preference, 
changes  designed  to  make  it  easier  to  fire  Federal  employees,  termination  of 
virtually  automatic  step-increases  for  GS-13  to  -15  "managers,"  along  with  the 
possibility  of  bonuses,  and  a  number  of  others.   The  feature  of  the  bill  which 
would  impinge  most  sharply  on  NIH-NIMH  intramural  research  programs  is  its 
proposal  for  the  creation  of  a  "Senior  Executive  Service"  (SES) ,  which  would 
include  all  Federal  "managers"  at  supergrade  salary  levels.  Most  Laboratory 
and  Branch  Chiefs  are  at  GS-16  or  above,  as  are  Scientific  and  Clinical 
Directors  generally,  and  a  number  of  other  scientists  of  distinction.  Most 
of  these  scientists  do  not  regard  themselves  as  "executives,"  though  they  are 
all  leaders  of  small  or  large  scientific  groups  and  most  do  a  certain  amount 
of  "managing."  Their  goals,  needs,  values,  and  optimal  working  conditions 
are  apt  to  be  very  different  from  the  typical  Federal  executive  (if  there  is 
such) ,  and  a  system  shaped  for  the  latter  can  be  expected  to  fit  a  basic 
science  program  badly. 

The  odd  thing  about  the  proposed  SES  is  that  the  legislation  makes  no  dis- 
tinctions whatever  between  Federal  supergrade  employees  with  different  occu- 
pational specialties  and  different  kinds  of  responsibilities.   The  bill  says 
that  positions  which  are  to  be  included  in  the  SES  are  ones  "in  which  the 
incumbent  (a)  directs  the  work  of  an  organizational  unit;  (b)  is  held  account- 
able for  the  success  of  specific  line  or  staff  programs  or  projects;  (c)  mon- 
itors the  progress  of  the  organization  toward  goals  and  periodically  evaluates 
and  makes  appropriate  adjustments  to  these  goals;  and  (d)  supervises  the  vrork 
of  employees  other  than  personal  assistant. "^  This  description,  couched  in 
the  standard  managerial  jargon  of  the  day — "directs,"  "accountable," 


iFrom  June  13,  1978  memorandum  by  Mr.  Edward  E.  Nicholas,  Jr.,  Director, 
Division  of  Personnel  Management,  NIH. 
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"monitors,"  "goals,"  "evaluates,"  "supervises"— can  cast  a  wide  net,  and 
clearly  is  believed  by  those  pushing  the  bill  to  cover  socalled  "science 
managers."  My  guess  is  that  the  proposed  SES  represents  an  attempt  to  find 
a  single,  simple  answer  to  the  mutiple  problems  of  effective  operation  of 
Federal  agencies  and  programs,  and  that  in  part  its  proponents  almost 
believe  that  it  will  work,  and  in  part  they  feel  that  only  a  simple,  uncom- 
plicated solution  can  be  sold  to  the  Congress.   So  almost  all  supergrades 
are  lumped  together  as  "executives,"  referred  to  in  speeches  and  the  press 
as  "managers,"  and  are  to  be  herded  into  the  SES  where  they  can  be  reassigned 
at  will,  demoted  if  they  do  not  "produce,"  given  bonuses  if  their  supervisors 
like  their  work,  and  given  a  sabbatical  every  10  years. 

The  major  attractive  feature  of  the  SES  for  all  supergrades  is  the  financial 
one.   The  maximum  basic  salary  in  the  SES  would  be  $50,000  ($2,500  above  the 
present  $47,500  ceiling  for  Civil  Service  employees),  to  which  could  be  added 
bonuses  up  to  a  maximum  total  salary  plus  bonuses  of  $54,625  (according  to 
current  salary  rates) .   Retirement  benefits  would  be  somewhat  improved  for 
those  receiving  bonuses.   The  present  Federal  salary  ceiling  is  a  serious 
handicap  in  recruiting  new  research  leaders  and  relief  would  be  welcome.   The 
cost-of-living  increase  given  all  Federal  employees  this  October  1  has  been 
set  by  the  President  at  5.5  percent,  but  as  usual  the  $47,500  ceiling  is  to 
be  left  on  for  at  least  another  year. 

The  issue  of  bonuses  is  a  sticky  one.   The  bill  proposes  that  half  of  the  SES 
executives  could  be  awarded  bonuses  up  to  20  percent  of  their  base  salaries 
(provided,  as  stated  above,  that  the  total  of  all  compensation  will  not  ex- 
ceed 95  percent  of  the  salary  of  the  Executive  Level  II;  that  limit  at 
present  rates  would  be  $54,625).   In  the  first  place,  a  top  limit  so  low  is 
absurd.   Since  the  number  of  executives  receiving  the  top  salary  and  top 
bonuses  would  be  small,  these  few  should  have  access  to  salaries  of  decent 
size.   The  Civil  Service  Commission  has  already  determined  that  today's  GS-18 
should  be  paid  $61,449*  if  he  is  to  match  compensation  in  the  private  sector. 
If  that  is  the  case,  why  limit  the  entire  SES  to  $54,625?   So  far  as  bonuses 
are  concerned,  a  bonus  of  20  percent  would  be  an  incentive  if  it  could  be 
paid.   In  practice  a  top-level  SES  executive  could  be  given  a  bonus  of  not 
more  than  about  10  percent,  because  that  would  put  him  at  the  ceiling.   In 
subsequent  years  he  could  be  given  no  more  bonuses  until  the  ceiling  was 
lifted,  and  the  Congress'  record  on  lifting  salary  ceilings  has  been  dismal. 
Thus  the  added  income  possible  under  the  SES  would  be  useful,  but  it  would 
not  be  spectacular  and  it  would  not  live  up  to  the  billing  of  "20  percent 
bonuses." 

I  find  the  concept  of  bonuses  for  upper  level  Government  staff  members  un- 
suitable, and  in  the  long  run  probably  destructive  of  the  essential  virtues 
of  the  senior  civil  service.   The  argument  for  bonuses  gets  what  valadity 
it  has  by  an  analogy  with  private  business.  How  widespread  bonuses  are  in 
the  private  sector,  and  how  effective  they  are  as  motivators  of  business 


*After  the  October  1,  1978  cost-of-living  raise  of  5.5  percent. 


executives  I  do  not  know.  But  it  does  not  follow  that  what  is  appropriate 
for  business  is  necessarily  appropriate  for  Government.   I  am  reminded  of 
Wallace  Sayre's  remark  that  "public  administration  and  business  administra- 
tion are  similar  in  all  unimportant  respects."*  Unfortunately,  in  the  develop- 
ment of  the  Administration's  bill  "the  theory  of  the  President  and  his  advisers 
holds  that  public  and  business  administration  are  different,  but  the  difference 
lies  in  the  superiority  of  business  administration."**  I  think  this  is  a  myth 
and  that  the  effects  on  Government,  If  the  Administration's  bill  passes,  will 
be  serious. 

I  cannot  speak  for  all  of  Government,  nor  all  supergrade  executives,  but  I  know 
many  supergrade  scientists  very  well.   I  cannot  Imagine  trying  realistically  to 
administer  any  performance  evaluation  system  that  would  justify  either  the 
giving  or  the  withholding  of  a  bonus.   As  I  said  In  my  June  23  memorandum,  "Not 
more  than  half  the  SES  group  can  have  bonuses,  the  plan  says.   It  is  naive  to 
think  that  that  won't  degenerate  Into  a  rule  of  thumb  that  not  more  than  half 
the  SES  in  any  agency  can  have  bonuses.   So  of  the  NIH-NIMH  250  or  so  super- 
grade  scientists,  which  half  will  be  excluded?   And  on  what  grounds  can  we 
judge  one  scientist  a  winner  and  another  not?   In  a  few  Instances  we  know  a 
scientist  has  had  a  fine  year;  In  a  few  we  know  a  man  has  been  seriously  below 
par.  But  In  most  cases  you  do  not  have  any  reliable  way  of  judging  that 
scientist  Smith  is  good  enough  for  a  bonus  this  year  but  not  good  enough  next 
year.  As  a  matter  of  fact,  science  being  what  It  Is,  annual  evaluations  of  a 
scientist's  work  cannot  be  made,  and  should  not  be  attempted  by  a  serious  and 
responsible  agency." 

I  do  not  wish  to  extend  these  comments  unduly.   Perhaps  I  can  conclude  this 
part  with  the  observation  I  made  many  years  ago  that  science  and  scholarship 
are  in  one  sense  unnatural  activities  for  the  Federal  Government,  that  Federal 
personnel  and  administration  forms  and  procedures  were  never  developed  to 
foster  the  discovery  of  new  knowledge,  that  Institutions  like  the  NIH  and  NIMH 
are  atypical  as  Government  agencies  go,  and  that  one  should  not  be  surprised 
to  find  a  bill  being  considered  to  regulate  the  activities  of  9,000  super- 
graders  without  containing  any  recognition  that  scientists  and  other  specia- 
lists are  different  from  general  managers.   Despite  this  flight  into  realism 
and  the  first  lesson  In  civics  about  the  political  nature  of  Government,  there 
is  no  law  which  says  we  must  sit  Idly  by  without  demur  when  damaging  changes 
are  proposed  for  an  Important  part  of  Government. 

For  some  of  the  above  reasons,  some  others  and  I  have  objected  to  applying 
the  standard  features  of  the  SES  to  Intramural  scientific  leaders,  and  have 
urged  Instead  that  either  scientists  be  left  out  of  the  SES,  or  that  a 
special  sub-set  of  the  SES  designed  as  a  "Senior  Scientific  Service"  (SSS), 
with  provisions  that  are  compatible  with  the  needs  and  values  of  scientists, 
be  worked  out.   The  NIH  and  the  PHS  have  urged  the  Secretary  and  the  Civil 
Service  Commission  that  such  a  SSS  be  created.  At  this  point,  there  seems  to 
be  some  acceptance  of  that  point  of  view. 


*Reported  in  Frederick  C.  Thayer,  "The  President's  Management  'Reforms': 
Theory  X  Triumphant."  Public  Administration  Review.   309-314,  July /August  1978, 
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Moving  from  the  general  to  the  specific  there  have  been  a  number  of  changes 
in  the  staff  of  the  Intramural  Program  that  I  would  like  to  mention. 

In  an  unusual  series  of  actions  three  of  our  scientists,  from  as  many 
Laboratories,  were  offered  and  accepted  appointments  as  Laboratory  Chiefs  in 
three  different  Institutes.  Dr.  Robert  H.  Wurtz  of  our  Laboratory  of  Neuro- 
biology will  become  Chief  of  the  Laboratory  of  Sensorimotor  Research  in  the 
National  Eye  Institute.  Moving  with  him  will  be  Dr.  Barry  J.  Richmond,  a 
Senior  Staff  Fellow.  We  have  agreed  that  they  may  continue  to  work  in  their 
present  laboratory  space  until  the  new  National  Eye  Institute  laboratories 
in  Building  10  are  completed  in  about  two  years.   Dr.  Stanley  I.  Rapoport  of 
our  Laboratory  of  Neurophysiology  has  been  appointed  Chief  of  the  Laboratory 
of  Neurosciences  in  the  National  Institute  on  Aging,  with  laboratory  space 
in  the  Gerontology  Research  Center  in  Baltimore.   And  Dr.  Forrest  F.  Weight 
of  our  Laboratory  of  Neuropharmacology  has  been  appointed  Chief  of  the  Lab- 
oratory of  Preclinical  Studies  In  the  National  Institute  on  Alcohol  Abuse 
and  Alcoholism.   His  headquarters  will  be  In  the  Flo-Labs  Building  in 
Rockvllle . 

Each  of  these  three  scientists  will  now  have  larger  scope  and  responsibility 
beyond  what  we  could  have  conferred  on  him  for  several  years  because  of 
resource  limitations.   We  are  pleased  for  them,  and  though  each  will  be 
missed  by  his  colleagues  here,  we  take  great  satisfaction  from  the  knowledge 
that  they  will  all  be  continuing  with  their  scientific  work  at  NIH-ADAMHA, 
with  Increased  resources  and  with  greater  opportunity  for  leadership  than 
we  had  been  able  to  provide. 

Five  staff  members  have  retired.   Three  are  psychologists  of  long  service  in 
the  Intramural  Program,  Drs.  Donald  S.  Boomer,  John  D.  Campbell,  and 
Jacob  L.  Gewirtz.   Each  In  his  way  has  made  a  contribution  to  psychology  and 
to  this  program,  and  we  are  grateful  to  them.   Mr.  Ronald  A.  Sandlln  retired 
from  the  Laboratory  of  Neurobiology,  where  he  has  been  Dr.  Ichljl  Tasakl's 
valued  technical  assistant.   Finally,  the  senior  member  of  the  entire  NIMH 
staff,  Mrs.  Alice  M.  Cohen,  retired  after  32  years  In  this  Institute  and 
its  predecessor,  the  Division  of  Mental  Hygiene.   Alice  joined  the  Division 
in  1946  and  has  been  In  the  Division  and  Institute  ever  since,  except  for 
a  year  she  once  spent  In  Alaska.   For  many  years  she  was  secretary  and 
special  assistant  to  Dr.  Seymour  Kety,  and  for  the  past  8  years  she  has  been 
Assistant  Administrative  Officer  to  Mrs.  Hazel  Rea.   She  Is  celebrated  for 
her  knowledge  of  Government,  her  resourcefulness,  her  high  sense  of  responsi- 
bility, and  her  fantastic  precision  and  accuracy.   She  will  be  very  much 
missed. 

As  a  final  note  about  personnel  I  want  to  record  the  award  of  the 
Administrator's  Award  for  Meritorious  Achievement  to  four  members  of  the 
Intramural  staff:  Mrs.  Margaret  J.  Braimier,  who  had  just  retired  as  Chief 
of  our  Satellite  Personnel  Office,  for  "her  outstanding  record  of  creative 
problem  solving  in  the  field  of  personnel  management  In  support  of  the 
Mental  Health  Intramural  Research  Program;"  Dr.  Frederick  K.  Goodwin,  Chief 
of  the  Clinical  Psychoblology  Branch,  for  his  "significant  contributions  to 
research  on  the  biological  bases  of  affective  and  schizoaffective  disorders 


and  on  their  psychopharmacological  treatment;"  Dr.  Dennis  L.  Murphy,  Chief 
of  the  Clinical  Neuropharmacology  Branch,  for  "scientific  accomplishments  1- 
the  field  of  clinical  and  experimental  psychopharmacology  as  it  relates  to 
studies  of  mania,  depression,  and  schizophrenia;"  and  Dr.  Richard  J.  Wyatt, 
Chief  of  the  Laboratory  of  Clinical  Psychopharmacology  and  Director,  Division 
of  Special  Mental  Health  Research,  for  "notable  scientific  contributions 
toward  understanding  of  the  psychobiologicdl  processes  involved  in  sleep  and 
in  aging  and  the  psychopathology  of  schizophrenia."  All  deserve  congratula- 
tions.  And  on  April  11,  1978,  Secretary  Calif ano  awarded  Dr.  Edward  V.  Evarts, 
Chief  of  the  Laboratory  of  Neurophysiology,  the  DREW  Distinguished  Service 
Award  "for  the  development  of  ma;joj  n^w  methods  of  brain  study  and  his  fund- 
amental contributions  to  the  understanJfing  of  brain  function  in  sleep  and 
body  movement . " 
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Director,  Division  of  Clinical  and  Behavioral  Research 
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October  1,  1977  -  September  30',  1978 

Robert  A.  Cohen,  M.D.,  Ph.D. 


As  I  write  this  report,  it  is  just  a  few  weeks  past  25  years  since  we 
assembled  in  the  Clinical  Center  those  early  members  of  the  staff  who  had 
been  temporarily  housed  in  scattered  locations,  admitted  the  first  patients 
and  research  volunteers,  and  began  in  earnest  the  series  of  studies  which 
comprise  the  program  of  this  division. 

There  is  a  natural  tendency  to  look  back  on  the  occasion  of  a  silver  anni- 
versary. I  am  impressed  by  the  difference  in  the  circumstances  under  which 
we  work  today  as  compared  to  those  which  obtained  when  the  program  began. 
This  difference,  which  could  possibly  have  a  significant  impact  on  the 
future  of  the  work,  is  in  the  relatively  greater  degree  of  freedom  accorded 
each  program  director  at  that  early  time.  Within  NIH  there  was  from  the 
beginning  widespread  interest  in  the  research  plans  of  each  Institute.  We 
met  with  each  other,  with  the  Scientific  and  Institute  Directors,  with  the 
Clinical  Center  and  NIH  Directors.  We  shared  problems  and  sought  suggestions 
for  their  resolution;  we  learned  the  strengths  and  limitations  of  the  insti- 
tution, the  flexibilities  and  the  fixed  requirements.  No  one  felt  he  had 
the  answers  to  the  best  form  of  organization,  to  the  most  effective  approach 
to  the  myriad  problems  with  which  we  were  faced.  We  were  conscious,  too, 
of  the  responsibility  of  spending  wisely  sums  of  money  which  in  those  days 
seemed  far  in  excess  of  any  amount  we  had  ever  dreamed  would  be  available 
for  basic  research.  But,  through  all  this  each  of  us  felt  that  he  had,  and 
was  regarded  as  having,  complete  responsibility  for  setting  the  goals  and 
managing  his  program.  Help  and  advice  were  available  if  and  when  sought; 
simple  prudence  and  common  sense  impelled  each  of  us  to  seek  consultation 
with  leading  investigators  at  hone  and  abroad.   But  direction  was  not  imposed. 
Having  been  appointed  to  establish  a  program,  it  was  assumed  that  each 
director  would  do  what  was  necessary  to  achieve  the  desired  goal,  and  that 
internal  review  mechanisms  would  identify  strengths,  correct  weaknesses  and 
establish  the  high  standards  NIH  was  determined  to  reach  and  maintain;  this 
was  our  common  purpose. 

At  the  bench,  the  investigators  still  enjoy  in  large  measure  the  remarkable 
degree  of  freedom  which  once  permeated  the  combined  intramural  programs  of 
the  National  Institutes  of  Health  at  eyery   level.  I  stress  the  importance 
of  this,  not  as  an  arrogant  demand  of  self-important  public  servants,  but 
as  an  essential  requirement  for  the  most  creative  research.  Even  a  casual 
reader  of  the  reports  of  the  laboratory  and  branch  chiefs  which  follow 
cannot  fail  to  be  impressed  by  the  excellence  of  the  work.  By  any  standard, 
the  record  of  achievement  is  impressive.  Our  alumni,  together  with  our 
current  staff,  have  played  major  roles  in  shaping  the  broad  field  of  research 
in  mental  health--testimony,  I  think,  to  the  atmosphere  remarkably  supportive 
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of  research  which  has  been  created  at  NIH.  It  hardly  requires  emphasis  to 
state  that  this  atmosphere  does  not  consist  of  giving  each  Investigator 
whatever  he  requests;  it  reflects  rather  the  continuous  study  and  practice 
of  what  is  most  effective  in  the  realm  of  the  administration  of  biomedical 
research,  the  appointment  of  able  scientists,  and  the  provision  of  the  kinds 
of  support  necessary  for  their  best  work. 

It  is  with  some  inner  conflict  that  I  point  to  the  increasing  demands  made 
upon  the  program  from  without,  demands  which  encroach  on  the  sense  of  freedom 
we  once  had  as  directors  but  which  have  had  as  yet,  at  least,  much  less  direct 
impact  on  the  investigations  under  way.  I  experience  conflict  because  these 
demands  in  and  of  themselves  are  not  unreasonable;  in  fact,  certain  events 
which  called  some  of  them  forth  would  seem  to  some  ample  justification  for 
their  imposition.  As  a  voter,  I  expect  a  candidate  for  public  office  to  tell 
me- what  he  proposes  to  do  if  elected,  what  he  accomplished  when  elected,  and 
why  it  is  important  that  he  be  re-elected.  How  can  we  possibly  object,  then, 
to  any  thoughtful  concern  about  our  management  of  the  public  funds  which  have 
supported  this  program  now  for  over  twenty-five  years?  The  changes,  such  as 
they  are,  in  the  nature  of  this  concern  have  come  about  gradually;  each  step 
seemed  neither  unreasonable  nor  inappropriate;  their  intent  was  clearly  to 
improve  program  management,  relevance  and  productivity.  Responsible  officials 
who  may  have  had  doubts  about  the  integrity  and  efficiency  of  our  operation 
may  feel  a  greater  degree  of  assurance  and  comfort  in  continuing  their 
support  of  the  work  when  they  know  we  take  seriously  their  reservations, 
questions  and  suggestions. 

I  mentioned  above  that  in  the  early  days  there  was  within  NIH  a  widespread 
interest  in  the  structure  and  operation  of  our  programs.  The  interest  of  the 
academic  community  was,  to  say  the  least,  restrained;  it  took  five  years  of 
intensive  recruitment  effort  to  bring  together  the  first  group  of  six  labora- 
tory and  branch  chiefs.  Now,  it  often  seems  as  if  hardly  a  month  goes  by 
without  new  questions,  new  suggestions,  or  new  directives  which  have  implica- 
tions for  program  support  and  management.  In  part,  these  questions  and  di- 
rectives result  from  the  great  increase  in  size  of  this  research  institute 
and  indeed,  of  the  biomedical  research  establishment  as  a  whole.  The  ease 
and  frequency  of  interpersonal  contact,  the  ready  exchange  of  information 
we  enjoyed  in  the  early  days  are  no  longer  possible.  But  in  part,  also,  it 
seems  to  me  that  they  spring  from  a  growing  conviction  that  a  system  of 
checks  and  balances  is  as  necessary  in  the  management  of  a  basic  research 
enterprise  as  it  is  in  other  human  organizations.  It  is  feared  that  in  the 
absence  of  such  controls  imposed  from  without,  there  will  be  at  the  very  least 
many  incidents  of  waste  and  inefficiency,  with  haphazard  decisions  being 
dictated  by  the  whims  and  fancy  of  a  powerful  few.  At  the  worst,  there 
might  even  be  self-serving  behavior  bordering  on  dishonesty  and  a  degree  of 
cronyism  unacceptable  in  a  democratic  society.  There  is  an  old  quip  to  the 
effect  that  "War  is  too  important  to  be  left  to  the  generals."  In  American 
society  today  that  maxim  is  applied  to  many  groups,  including  those  concerned 
with  the  direction  and  execution  of  biomedical  research.  If  one  believes  that 
instances  of  self-serving  behavior  and/or  relative  neglect  of  issues  which 
capture  the  public's  interest  and  concern,  warrant  the  imposition  of  regula- 
tion from  without,  there  may  be  gains  from  the  institution  of  various  over- 
sight procedures.  But,  in  my  view,  when  these  go  beyond  a  certain  level 
there  may  be  losses  as  well. 
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In  the  early  months  of  1963,  I  served  on  a  conmiittee  chaired  by  Dr.  Joseph  J, 
Bunim,  charged  with  planning  a  10th  anniversary  celebration  of  the  opening 
of  the  Clinical  Center.  For  various  reasons  the  celebration  was  never  held. 
However,  each  Institute  had  submitted  a  list  of  what  it  considered  its  out- 
standing contributions.  The  NIMH  list  from  what  were  then  the  two  Divisions 
of  the  Intramural  Research  Program  included:  (1)  Studies  of  epinephrine  and 
norepinephrine  metabolism  by  Dr.  Julius  Axel  rod;  (2)  The  Biochemical  Lesion 
in  Phenylpyruvic  Oligophrenia  by  Dr.  Seymour  Kaufman;  (3)  Hormones  and  De- 
pression by  Drs.  William  E.  Bunney,  Jr.,  John  Mason  and  David  A.  Hamburg; 
(4)  Mental  Health  and  Aging  by  Drs.  James  E.  Birren,  Robert  N.  Butler,  Samuel 
W.  Greenhouse,  Louis  Sokoloff  and  Marian  R.  Yarrow;  (5)  Social  Variables  and 
the  Development  of  Schizophrenia  by  Dr.  Melvin  L.  Kohn;  (6)  The  Impact  of 
Mental  Illness  on  the  Family  by  Drs.  John  Claussen  and  Marian  R.  Yarrow; 
(7)  Family  Studies  in  Schizophrenia  by  Dr.  Lyman  C.  Wynne;  (8)  Functional 
Anatomy  of  the  Visceral  Brain  by  Dr.  Paul  D.  MacLean;  (9)  Psychoactive 
Tryptamine  Derivatives  by  Dr.  Stephen  Szara;  (10)  Studies  on  Drug  Addiction 
by  Dr.  Harris  Isbell . 

There  were  other  studies  of  equal  merit  under  way,  and  still  others  the  fun- 
damental importance  of  which  would  not  be  recognized  until  they  were  developed 
further.  It  can  be  safely  asserted  that  these  studies  remain  impressive; 
they  have  not  lost  their  significance  with  the  passage  of  time;  each  would 
be  generally  recognized  as  having  influenced  the  development  of  areas  of 
research  which  are  still  of  major  interest  today. 

Planning  was  involved,  of  course,  in  the  institution  and  execution  of  these 
studies.  But  we  did  not  have  a  formal  five  year  plan,  carefully  reviewed 
each  year  by  higher  authority  both  within  and  beyond  Institute  level.  Each 
of  the  investigators  had  been  recruited  and  it  so  happened  that  they  came 
from  institutions  across  the  country  and,  in  one  instance,  from  abroad.  But 
the  positions  were  not  advertised;  the  investigators  were  not  selected  from 
a  long  list  of  applicants  each  of  whose  credentials  had  been  evaluated  by  a 
Qualifications  Review  Board.  Each  of  them  had  been  recommended  by  leading 
figures  in  their  respective  fields  some  of  whom  were  friends  of  the  program 
director.  But  it  was  not  a  "buddy"  system  since  many  of  those  consulted 
were  not  even  acquaintances  of  the  program  director.    One  way  of  learning 
about  excellent  investigators  one  has  not  heard  of  is  to  ask  other  excellent 
investigators  about  those  they  know.  In  the  course  of  their  service,  these 
staff  members  had  been  promoted  at  a  rate  generally  slower  than  permitted  by 
Civil  Service  regulations,  and  only  after  detailed  review  by  the  NIH  Personnel 
Office  and  the  entire  group  of  NIH  Scientific  Directors.  But  their  qualifi- 
cations were  not  re-reviewed  by  a  Study  Group  from  a  higher  level  personnel 
office  in  lengthy  meetings  describing  to  scientifically  naive  officials  the 
nature  and  importance  of  the  work  and  explaining  the  level  and  degree  of 
scientific  ability  involved.  Each  of  the  research  projects  had  been  discussed 
with  the  program  director  before  initiation,  but  not  with  the  level  of  detail 
required  of  proposals  submitted  to  the  Division  of  Extramural  Research  Programs, 
Each  of  the  investigators  had  also  consulted  with  experts  near  and  afar.  But 
these  consultants  were  sought  by  the  scientists  themselves  to  offer  needed 
advice;  they  were  not  selected  by  others  to  judge  the  merit  of  the  work.  It 
was  felt  that  the  quality  of  the  research  would  be  judged  by  colleagues  in 
the  relevant  fields,  and  would  be  reflected  in  the  impact  it  had  on  the 
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research  of  others.  In  the  course  of  his  work,  each  investigator  had  attended 
scientific  meetings  and,  in  some  instances,  had  visited  laboratories  and 
hospitals  elsewhere.  The  travel  budget  was  not  unlimited,  but  it  was  not 
necessary  for  members  of  individual  laboratories  to  compete  with  each  other 
for  the  privilege,  or  to  take  turns  going  to  important  meetings  because  it  was 
recognized  that  this  type  of  communication  facilitated  research.  Each  trav- 
eler was  acquainted  with  the  regulations  which  governed  travel;  it  was  not 
necessary  to  submit  hotel  bills  and  list  the  cost  of  meals,  etc.   While  it 
was  recognized  that  abuse  was  possible,  it  was  assumed  the  government  scien- 
tists could  be  accorded  the  degree  of  trust  given  their  colleagues  in  uni- 
versities. I  could  go  on  at  length,  but  perhaps  the  point  is  clear. 

Had  existing  regulations  been  in  force  25  years  ago,  I  do  not  believe  the 
achievements  listed  in  1963  or  those  of  our  current  program  would  have  been 
greater  than  they  were  or  are.  It  would  have  been  considerably  more  difficult 
than  it  was  to  have  recruited  the  staff  and  to  have  carried  out  the  undeniably 
excellent  research.  As  program  director,  a  significant  amount  of  time  once 
devoted  to  scientific  issues  is  now  devoted  to  concern  with  the  forms,  regu- 
lations and  administrative  details  which  increasingly  govern  our  investigative 
work.  I  am  not  aware  that  there  has  ever  been  serious  consideration  of  what 
might  constitute  optimal  oversight  of  a  biomedical  research  institute.  In 
my  experience,  a  group  of  dedicated  and  mature  scientists  give  continuing 
scrutiny  to  the  operation  of  their  institution;  they  seek  out  developments 
elsewhere  which  might  be  usefully  applied  in  their  own  setting;  they  are 
almost  never  content  with  the  status  quo. 

I  recognize,  of  course,  that  scientists  are  not  a  privileged  class.  Public 
trust  and  confidence  are  not  granted  to  anyone  simply  on  the  basis  of  his 
conviction  of  his  own  merit  and  integrity.  It  is  possible  that  in  the  early 
days  we  had  more  freedom  than  can  reasonably  be  granted  year  after 'year  to 
any  government  institution.  It  may  be  that  a  degree  of  tension  between  the 
research  institute  and  the  public  is  a  necessary  condition  in  the  society  in 
which  we  live,  and  makes  possible  a  viable  compromise  which  permits  the 
continuation  of  scientific  work  with  a  level  of  public  support  which  could 
not  be  continued  under  other  circumstances.  I  cannot  speak  as  an  objective 
observer,  but  I  believe  that  if  we  have  not  actually  passed  the  optimal  point, 
we  have  certainly  reached  it.  Were  a  choice  necessary,  it  would  serve 
society  better,  in  my  opinion,  to  guarantee  the  autonomy  of  the  research 
institute  than  to  grant  it  more  funds  while  restricting  its  freedom. 

As  I  finished  this  report,  the  August  25  issue  of  Science  came  across  my  desk. 
In  an  editorial,  Brewster  C.  Denny,  Dean  of  the  Graduate  School  of  Public 
Affairs  at  the  University  of  Washington,  deals  eloquently  with  issues 
similar  to  those  I  have  discussed;  he  comments  on  the  old  contract  between 
American  Society  and  the  academy  whereby  "the  university  was  established 
as  the  home  of  science  and  egalitarian  elitism  greatly  expanded  access  to 
higher  education"  far  beyond  that  which  obtained  in  Europe.  "Society,  science, 
industry--national  security  and  public  health  all  prospered.  Above  all, 
an  educated  citizenry  proved  to  be  a  better  repository  for  sovereignty  than 
kings  or  priests."  He  goes  on  to  say  "The  old  bargain  is  becoming  unstuck... 
Higher  education,  like  government  and  health  care,  has  become  big  business, 
and  the  general  distrust  of  large  institutions  has  reached  the  campus  as 


14 


well... Our  claim  that  we  are  different  from  big  labor,  big  welfare,  big 
business,  and  big  government  is  obscured  by  our  affluence  and  our  success... 
The  new  contract  /Fetween  society  and  the  academ^T"  must  include  as  much 
recognition  of  the  autonomy  of  the  academy  as  possible,  not  because  the 
administration  and  faculties  want  it,  but  because  the  university's  contri- 
bution to  society  depends  on  it.  In  return,  the  academy  must  prove  that 
its  autonomy  will  be  exercised  with  a  new  sense  of  accountability  for  the  re- 
sources made  available  by  society  and  with  a  demonstrated  capacity  to  use 
these  resources  wisely." 
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Annual  Report  of  the 
Director,  Division  of  Special  Mental  Health  Research 
National  Institute  of  Mental  Health 
October  1,  1977  -  September  30,  1978 

Richard  Jed  Wyatt,  M.D. 

This  is  my  third  report  on  the  Division  of  Special  Mental  Health  Research, 
and  a  good  opportunity  to  reflect  upon  some  of  successes  and  failures.  The 
Division,  as  a  whole,  is  probably  the  strwBgftst  it  [jas  ey^r  been.  Mr.  Pergler's 
persistent  efforts  to  upgrade  the  Central  Services  of  the  Division  are  proving 
to  be  of  considerable  benefit.  Our  auditing,  ordering,  statistical,  art  and 
photographic  units  have  vastly  improved  as  has  the  part  of  the  maintenance  of 
the  building  for  which  we  are  responsible.  The  Library,  which  has  always  run 
smoothly,  continues  to  be  an  enormous  asset. 

The  Laboratory  of  Preclinical  Pharmacology's  creative  productivity  is 
unceasing.  Its  efforts  have  received  world-wide  recognition  as  one  of  the 
outstanding  neuropharmacology  research  centers.  The  laboratory  attracts 
young  investigators  from  all  over  the  world  for  training,  as  well  as  senior 
investigators  who  wish  to  spend  a  few  months  in  an  exciting  and  stimulating 
environment. 

My  Laboratory--the  Laboratory  of  Clinical  Psychopharmacology — continues 
toward  its  major  goal — the  understanding  of  schizophrenia.  Compared  to 
progress  made  over  the  last  15  years  in  the  research  of  affective  disorders, 
progress  in  schizophrenia  has  been  slow.  Nevertheless,  we  feel  we  are  on  the 
threshold  of  being  able  to  subdivide  schizophrenia  into  several  forms  using 
biological  markers. 

During  the  year,  the  Division  began  to  plan  the  use  of  resources  expected 
next  year  for  studying  geriatric  psychiatry.  There  were  a  number  of  meetings 
at  Saint  Elizabeths  Hospital  and  the  Bethesda  Campus,  as  well  as  several 
consultations  with  experts  in  other  parts  of  the  country.  We  expect  that  our 
initial  studies  will  be  broad.  We  will  study  pharmacology,  sleep,  memory, 
depression,  schizophrenia,  and  reaction  to  disease  and  death.  Our  major 
thrust,  however,  will  be  the  reversible  and  irreversible  dementias.  We  are 
pleased  that  the  Institute  of  Aging  wants  to  share  our  exploration  of  the 
dementias  and  we  are  excited  about  the  potential  of  these  collaborative 
efforts. 

The  search  for  a  new  Chief  of  the  Laboratory  of  Neuropharmacology  was 
inactive  most  of  the  year  because  we  did  not  known  whether  we  would  lose  the 
Laboratory's  positions.  During  this  time,  the  IRP  thought  it  had  lost  a 
large  number  of  positions  due  to  a  government-wide  hiring  freeze;  unfilled 
positions  were  being  lost.  This  blind  and  irrational  taking  away  of  resources 
was  conducted  by  the  same  Administration  that  said  we  should  prioritize  and 
justify  (Zero  Base  Budgeting)  the  use  of  all  resources,  both  old  and  expected. 
This  sort  of  action  seems  to  characterize  all  new  administrations.   The 
message  received  is:  keep  all  your  positions  filled,  even  if  by  waiting  you 
might  get  an  excellent  employee.  In  a  research  setting  where  appointments 
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need  to  be  made  with  considerable  thought--creative  and  industrious  scientists 
are  not  like  the  interchangeable  parts  of  an  automobile--such  a  reaction  by 
scientific  administrations  (filling  positions  to  keep  from  losing  them)  could 
leave  its  destructive  legacy  for  many  years.  It  seems  to  me  that  ADAMHA  and 
NIH  should  try  to  work  out  a  strategy  to  avoid  these  administrative  double- 
binds  that  occur  every  few  years.  In  a  program  such  as  ours,  we  need  the 
flexibility  and  protection  of  our  positions  to  make  good  judgments  without 
the  threat  of  lost  research  slots  by  new  administrators  who  believe  every 
situation  can  be  handled  by  the  same  procedure. 

Our  Facility 

For  many  years  we  have  been  concerned  with  the  facility  in  which  we 
work--the  William  A.  White  Building  at  Saint  Elizabeths  Hospital.  This  was 
the  main  subject  of  my  report  in  1976.  The  building  is  beautiful  and  charm- 
ing, but  totally  unsuited  for  research.  The  plumbing,  heating,  air  condition- 
ing, and  electrical  wiring  were  never  intended  for  the  heavy  use  we  require 
in  a  research  setting.  Each  year  new  problems  arise  and  we  place  eight 
fingers  in  the  dyke,  trying  to  keep  our  thumbs  free  for  research.  As  I  am 
writing  this,  there  is  a  bat  flying  around  in  the  hallway  and  water  dripping 
from  the  ceiling.  It  is  quite  comical  to  watch  us  trying  to  catch  the  bat 
while,  at  the  same  time,  trying  not  to  trip  over  the  wastepaper  baskets  full 
of  water.  While  the  Hospital  tries  to  help  with  these  problems,  their  main 
concern  is  trying  to  deal  with  the  many  deficiencies  associated  with  their 
loss  of  accreditation.  Thus,  we  continue  to  have  frequent  unscheduled  power 
outages,  which  have  ruined  numerous  experiments  and  destroyed  expensive 
equipment.  The  air  conditioning  and  heating  in  the  Animal  House  fails  pre- 
dictably in  an  unpredictable  fashion.  It  is  extremely  frustrating  to  a 
researcher  who  may  have  spent  months  or,  in  some  cases  years,  on  an  experiment 
to  have  it  lost  in  such  uncontrollable  circumstances.  While  a  begirining  has 
been  made  on  some  possible  long  range  plans  for  our  Division,  progress  has 
been  extremely  slow.  Nothing  is  close  to  being  final.  We  hope  the  efforts 
will  continue  to  solve  this  problem.. 


18 


ANNUAL  REPORT  OF  THE  BIOLOGICAL  PSYCHIATRY  BRANCH 
National  Institute  of  Mental  Health 
October  1,  1977  -  September  30,  1978 

William  E.  Bunney,  Jr.,  M.D. 

During  the  past  year  the  Branch  has  continued  to  increase  its  productivity 
with  over  100  papers  published  or  accepted  for  publication.  More  than  120 
invitations  have  been,  extended  to  the  members  of  the  Branch  to  present  talks. 
Two  members  of  the  Brahch  in  addition  to  Dr.  Post  were  promoted  to  Section 
Chief:  Dr.  Monte  Buchsbaum  and  Dr.  Elliot  Gershon.   Dr.  van  Kammen  received 
the  equivalent  of  a  Ph.D.  from  the  University  of  Utrecht,  The  Netherlands. 

The  research  functions  of  the  eight  sections  or  units  in  the  BPB  are  briefly 
reviewed  below. 

The  Section  on  Psychobiology  is  headed  by  Dr.  Robert  Post.   Major  findings 
from  this  Section  include  the  development  of  a  new  treatment  compound,  carba- 
mazepine,  in  affective  illness.   This  drug  is  an  anticonvulsant  used  in  tem- 
poral lobe  epilepsy  and  the  data  suggests  that  it  has  both  acute  and  prophy- 
lactic effects  in  both  mania  and  depression.   It  has  been  clearly  demonstrated 
that  some  patients  unequivocally  responded  to  this  drug  which  affects  catechol- 
amine metabolism. 

Other  studies  in  this  Section  include  central  nervous  system  metabolism  of 
calcium  which  has  been  shown  to  be  correlated  with  alteration  in  levels  of 
depression.   A  significant  inverse  relationship  with  CSF  levels  of  calcium  and 
severity  of  depression  was  obseirved.   A  collaborative  study  with  Drs.  Lynch 
and  Wurtman  has  shown  striking  increases  in  urinary  melatonin  during  sleep  and 
marked  decreases  during  waking.  When  sleep-wakefulness  is  reversed,  it  takes 
four  to  five  days  before  the  rhythms  of  melatonin  secretion  become  re-established. 
The  CSF  approach  to  electrolyte,  cyclic  nucleotide,  neurotransmitter  and 
polypeptide  effects  in  affective  and  psychotic  illness  continues.   One  major 
direction  of  this  strategy  is  the  possible  elucidation  of  biochemical  profiles 
that  would  predict  sxibsequent  response  to  selective  psychotropic  agents.  In 
collaboration  with  Dr.  James  Ballenger,  more  than  20  normal  volunteers  have 
been  studied  with  baseline  CSF  measures  as  well  as  a  variety  of  personality 
and  other  biological  assessments.   Thus  this  normal  control  group  will  provide 
normal  comparison  values  for  psychiatric  patients.  An  active  bio-behavioral 
animal  laboratory  is  maintained  in  close  coordination  with  the  psychiatric 
unit  so  that  concepts  and  investigative  approaches  from  each  can  be  maximally 
utilized. 

Work  continues  in  the  area  of  behavioral  facilitation  or  sensitization  with 
various  pharmacological  agents.   An  important  theory  of  alcohol  withdrawal 
symptomatology  has  been  developed  by  Dr.  Post  and  Dr.  Ballenger.   Data  analyzed 
suggest  that  in  man  the  severity  of  alcohol  withdrawal  symptoms  is  positively 
correlated  with  the  duration  of  alcohol  abuse.   It  is  suggested  that  each 
episode  of  alcohol  withdrawal  with  its  associated  increase  in  neuronal  excit- 
ability acts  as  a  kindling  stimulus  and  is  associated  with  the  progressively 
increased  severity  of  alcohol  withdrawal  reactions  including  tremors,  autonomic 
reactivity,  confusion,  seizures  and  delirium  tremens. 
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Dr.  van  Kainmen  heads  the  Section  on  Neuropsychopharmacology .  Investigations 
continue  to  test  the  dopamine  hypothesis  of  schizophrenia  and  the  involvement 
of  norepinephrine.  A  double-blind  study  showed  that  lithium  can  be  helpful  in 
the  management  of  psychotic  and  remitted  schizophrenic  patients.  An  assay  for 
alpha-  and  beta-receptor  activity  has  been  developed  which  has  been  shown  to 
be  altered  in  specific  subgroups  of  schizophrenic  patients.  A  double-blind 
evaluation  of  hemodialysis  in  schizophrenia "has  been  initiated  and  two  patients 
have  currently  been  evaluated.   In  addition,  biochemical  studies  have  been 
undertaken  of  the  dialysate  to  estimate  whether  endorphins  may  relate  to 
schizophrenic  illness. 

The  Unit  on  Childhood  Mental  Illness  is  currently  continuing  to  investigate 
psychobiological  factors  in  hyperactive  children,  children  with  enuretic 
problems,  and  obsessive-compulsive  symptomatology.   Amphetamine  is  one  of  the 
most  useful  compounds  in  the  treatment  of  hyperactivity  and  it  has  been  shown 
that  major  behavioral  effects  in  hyperactive  children  are  related  to  increas- 
ing plasma  levels  of  amphetamines  rather  than  to  the  actual  level  in  the 
plasma.   It  has  also  been  shown  that  normal  children  have  qualitatively  similar 
behavioral  and  cognitive  reactions  to  amphetamine  as  hyperactive  children.   A 
carefully-controlled  double-blind  evaluation  of  children  of  parents  hospital- 
ized for  manic-depressive  illness,  normal  children,  and  children  of  parents 
hospitalized  for  medical  diseases  is  underlay  to  evaluate  the  degree  of  depres- 
sive symptomatology  in  these  three  groups  of  children.   The  data  from  this 
study  is  in  the  final  phases  of  analysis. 

Dr.  Buchsbaum  is  Chief  of  the  Section  on  Clinical  Psychophysiology.   This 
Section,  in  collaboration  with  the  Drug  Abuse  Unit  headed  by  Dr.  Glenn  Davis, 
was  the  first  to  report  a  hyperalgesic  effect  of  the  opiate  blocker,  naloxone, 
in  man.   In  a  second  controlled,  double-blind  study,  it  was  shown  that  aspirin 
produced  the  opposite  of  the  specific  evoked  potential  augmenting  effect 
caused  by  naloxone.   Dr.  Buchsbaian  continues  to  utilize  a  biological  high-risk 
strategy  whereby  a  large  number  of  apparently  normal  volunteers  are  studied 
and  those  patients  in  the  extreme  groups  on  various  scores  are  selected  for 
biological  or  behavioral  evaluation.   This  research  sample  has  the  particular 
value  of  being  free  from  artifacts  of  hospitalization  or  drug  treatment  and 
can  be  expressly  useful  in  testing  hypotheses  concerning  the  biological  correl- 
ates of  psychopathology. 

The  Unit  on  Drug  Abuse  has  played  a  particularly  active  role  in  the  evaluation 
of  endogenous  opiate-like  substances  in  man.   Schizophrenic,  depressed  and 
manic  patients  have  been  studied  utilizing  the  narcotic  antagonist  naloxone. 
In  contrast  to  earlier  reports  from  Scandinavia,  little  effect  has  been  shown 
in  carefully  controlled  double-blind  studies  with  naloxone  in  schizophrenics. 
Depressed  and  manic  patients  also  showed  little  effect  of  naloxone.   Currently, 
beta-endorphin,  which  has  been  reported  to  have  dramatic  effects  in  schizo- 
phrenia and  depression  will  be  utilized  in  the  first  double-blind  study 
evaluating  this  compound  in  psychiatric  patients.   In  collaboration  with  Dr. 
Buchsbaum  it  has  been  shown  that  pain  perception  is  increased  in  the  morning 
in  contrast  to  the  afternoon. 

Dr.  Gillin  and  Dr.  Wyatt  are  continuing  to  coordinate  the  efforts  of  the  Unit 
on  Sleep.   Dr.  Sitaram  has  made  considerable  progress  with  his  studies  on 
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acetylcholine.  Drs.  Sitaram,  Gillin  and  Weingartner  (of  the  Psychology  Lab.) 
have  been  studying  the  association  between  acetylcholine  and  memory.  Using  a 
simple  paradigm  they  have  demonstrated  that  augmenting  functional  acetylcholine 
in  the  brain  increased  learning  in  normals  and  decreasing  functional  acetyl- 
choline decreased  learning.   Dr.  Mendelson  has  continued  his  studies  with 
control  of  pituitary  hormonal  secretion  during  the  night  as  well  as  alcohol 
withdrawal  and  endogenous  sleep  factor. 

Dr.  Gershon  is  now  Chief  of  the  Section  on  Psychogenetics.   A  family  study  of 
primary  affective  disorders  is  being  performed  with  extensive  direct  examination 
of  relatives  psychiatrically  and  evaluation  of  biological  characteristics  and 
chromosomal  linkage  markers.   A  total  of  101  bipolar  I  patients,  28  bipolar  II 
patients,  46  unipolar  patients,  10  schizoaffective  patients,  1,119  relatives 
and  372  controls  have  been  examined  so  far  by  this  research  group.   This 
represents  the  largest  family  study  of  affective  illness  and  the  largest  number 
of  greatly  expanded  pedigrees  that  have  been  investigated  to  our  knowledge. 
It  is  expected  that  new  data  collection  for  this  multi-year  project  will  be 
completed  by  the  end  of  fiscal  1978.   Diagnostic  reliability  with  collaborators 
at  Yale  University  has  been  demonstrated  by  having  the  same  persons  interviewed 
on  separate  occasions  by  a  member  of  each  center.   Dopamine-beta-hydroxylase 
(DBH)  activity  in  plasma  has  been  shown  by  others  to  be  a  stable  characteristic 
of  individuals  and  under  genetic  control.   In  pedigree  studies,  it  was  found 
that  low  DBH  activity  is  not  inherited  as  a  recessive  allele  as  had  previously 
been  proposed.   It  was  also  shown  that  association  studies  of  particular  HLA 
genotypes  with  psychiatric  illness  requires  ethnically  homogeneous  controls. 
The  HLA  antigen  Bwl6,  which  had  been  reported  to  be  associated  with  bipolar 
illness,  is  a  population  marker  for  Ashkenazi  Jews.   Twenty-one  Ashkenazi 
Jewish  bipolar  patients  from  our  clinic  were  compared  with  552  Ashkenazi 
Jewish  controls  in  Israel.   It  was  found  that  although  38%  of  patients  have 
the  Bwl6  genotype,  this  was  not  significantly  different  from  the  frequency  in 
controls.   This  is  a  particularly  important  methodological  finding  for  future 
investigations  in  this  field. 

Clinical  applications  derived  from  these  family  studies  appear  promising. 
First  of  all,  identification  of  new  and  untreated  cases  of  major  affective 
illness  in  a  population  is  most  efficiently  achieved  using  family  study 
methods  with  all  first-degree  relatives  and  in  selected  large  pedigrees.   In 
the  outpatient  studies,  a  panel  of  monozygotic  and  dizygotic  twins  has  been 
established  for  the  study  of  pharmacogenetics  of  drug  response  and  metabolism. 
In  a  study  with  amphetamine,  the  amount  of  psychological  response  measured 
globally  appears  to  be  highly  correlated  between  members  of  a  twin  pair  and  to 
differ  from  one  pair  to  the  next.   This  is  the  first  documentation  of  such  an 
effect. 

In  the  Section  on  Biochemistry  and  Pharmacology,  Dr.  Tallman  has  studied  beta- 
adrenergic  receptors  in  cultured  HeLa  cells  and  has  shown  an  increase  in  beta- 
receptors  after  treatment  with  low  butyrate  concentrations  in  the  absence  of 
any  increase  in  the  catecholamine-activated  adenylate  cyclase.   This  demonstrates 
that  the  "coupling"  of  the  receptor  to  the  cyclase  is  a  separate  event  from  an 
increase  in  the  number  of  beta-adrenergic  receptors. 
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It  has  become  feasible  recently  to  study  the  interaction  between  the  GABAergic 
system  and  the  mechanism  of  action  of  the  minor  tranquilizers.   It  was  clearly 
shown  that  the  activation  of  the  GABAergic  system  renders  the  brain  more 
sensitive  to  the  minor  tranquilizers  (benzodiazepines) . 


Studies  of  endorphin  levels  are  being  carried  out  in  control  einimals  and 
animals  under  stress  and  various  drug  treatments.   The  fractional  occupancy  of 
the  opiate  receptor  under  these  conditions  is  being  studied  to  attempt  to 
understand  its  function  under  various  experimental  conditions.   The  implications  I 
of  these  studies  are  that  there  is  clearly  a  functional  endogenous  opiate 
compound  in  animals  which  is  released  under  conditions  of  stress.  | 


One  final  investigation  which  illustrates  the  interaction  between  the  clinical 
and  basic  components  of  the  Branch  is  involved  in  the  identification  of  a  new 
possible  mode  of  action  of  lithium  carbonate.  We  have  hypothesized  that  the 
onset  of  mania  might  be  associated  with  the  release  of  a  catecholamine  agonist 
anplified  by  a  supersensitive  receptor.   Thus  we  investigated  in  animals 
whether  lithitom  would  affect  the  development  of  supersensitivity.  We  have 
also  reported  pharmacological  evidence  that  dopamine  may  be  involved  in  the 
manic  process.   Therefore  we  have  evaluated  whether  lithium  could  block  the 
development  of  pharmacologically-induced  supersensitivity  in  animals .   Several 
investigators  have  shown  the  development  of  dopamine  receptor  supersensitivity 
after  chronic  neuroleptic  treatment.   It  was  decided  this  might  be  a  good 
system  for  studying  the  effect  of  lithium  on  the  development  of  supersensitivity 
and  a  paradigm  for  combined  lithium  and  haloperidol  treatments  was  developed. 
The  effects  of  chronic  haloperidol  may  be  measured  behaviorally  where  an 
increased  locomotor  response  to  a  challenge  dose  of  apomorphine  or  amphetamine 
may  be  seen.  The  hyperactivity  after  apomorphine  may  be  blocked  by  the  lithium. 
Biochemically,  an  apparent  increase  in  the  number  of  dopamine  receptors  measured 
may  be  found  after  chronic  haloperidol  treatment.   This  effect  is  'also  blocked 
by  lithium  in  spite  of  the  fact  that  the  control  levels  of  binding  do  not  show 
any  change.   Electrophysiologically,  a  hypersensitive  response  to  the  effects 
of  apomoirphine  or  dopamine,  but  not  GABA,  is  found  after  chronic  haloperidol 
treatment.   There  is  a  shift  to  the  left  in  the  dose  response  curve  for  apo- 
morphine sensitivity  indicating  supersensitivity.   This  effect  is  also  blocked 
by  lithium.   Lithium  can  block  the  development  of  supersensitivity  in  dopamine 
systems  as  shown  by  behavioral  evaluation,  binding  studies,  and  single-unit 
recording  studies.   Thus  it  is  possible  that  lithium  may,  in  part,  block  the 
development  of  manic  symptomatology  by  preventing  the  development  of  super- 
sensitive dopamine  receptors  in  man.   This  work  best  illustrates  an  interaction 
between  the  basic  and  clinical  components  of  the  Biological  Psychiatry  Branch. 
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Annual  Report  of  the  Clinical  Neuropharmacology  Branch 

National  Institute  of  Mental  Health 

October  1,  1977  to  Septejtiber  30,  1978 

Dennis  L.  Murphy,  M.D.,  Chief 

Major  developments  occurred  during  the  last  year  in  the  Branch's  clinical 
and  laboratory  areas  of  investigation.  In  our  largest  clinical  venture,  a 
comparative  study  of  an  Inhibitor  of  monoamine  oxidase  (MAO)  type  A  (clorgyline) 
versus  an  inhibitor  of  monoamine  oxidase  type  B  (pargyline),  several  conclusions 
emerged  from  the  data  available  thus  far:  (1)  Contrary  to  limited  information 
available  from  previous  pilot  clinical  trials  suggesting  that  both  drugs  might 
possess  antidepressant  effects,  our  more  stringent  comparative  trial  utilizing 
random  assignment  and  placebo  controls  with  multiple  observer-  and  self-ratings 
indicates  that  clorgyline  possesses  much  more  marked  antidepressant  and  anti- 
anxiety properties  in  severely  depressed  patients  than  does  pargyline;  (2)  on 
the  basis  of  direct  studies  of  amine  oxidase  activity  in  platelets  and  plasma 
and  also  of  monoamine  metabolite  changes  1n  cerebrospinal  fluid  and  urine,  it 
was  possible  to  verify  that  clorgyline  maintained  >90%  selectivity  during  the 
four-week  treatment  trial,  i.e.,  while  this  drug  appeared  to  markedly  inhibit 
MAO-A,  it  had  almost  no  effect  on  MAO-B  activity.  In  contrast,  pargyline 
nearly  totally  inhibited  MAO-B  activity,  although  it  appeared  to  partially  in- 
hibit MAO-A  activity  also.  If  verifiable  by  further  studies,  these  findings 
would  suggest  that  the  amines  metabolized  by  MAO-A  are  of  greater  significance 
to  the  therapeutic  effects  of  MAO  inhibition  than  those  metabolized  by  MAO-B. 
Of  more  direct  clinical  relevance,  they  also  suggest  the  possibility  that  the 
use  of  a  selective  MAO  inhibitor,  which  would  interfere  less  with  other  meta- 
bolic pathways  not  needed  for  therapeutic  efficacy,  might  be  accompanied  by 
fewer  side  effects.  This  question,  which  is  a  major  focus  of  our  continuing 
evaluation  of  these  drugs,  is  being  directly  addressed  by  studies  conducted 
by  Drs.  Pickar  and  Cohen. 

In  the  laboratory,  Dr.  Campbell  has  established  a  series  of  studies  in 
rodents,  examining  the  effects  of  chronic  treatment  with  clorgyline,  pargyline 
and  similar  drugs  on  more  detailed  features  of  amine  metabolism,  and  has  (in 
conjunction  with  collaborators  from  other  NIMH  and  NHLBI  groups)  identified 
several  mechanisms  selectively  involved  in  their  action.  Other  studies  in 
the  laboratory  have  delineated  brain  region  differences  in  the  localization 
of  MAO-A  and  B  in  monkey  and  human  brain,  and  are  continuing  to  characterize 
the  differences  between  the  two  enzyme  forms. 

The  largest  advances  in  the  laboratory  studies  have  emerged  from  Dr. 
Jonathan  Costa's  continuing  work  with  the  platelet  as  a  model  system  for  the 
study  of  events  related  to  amine  transport,  storage  and  metabolism  at  the 
cellular  level.  Working  collaboratively  with  physicists  and  chemists,  he  has 
innovatively  adopted  and  utilized  several  microanalytic  techniques,  especially 
energy  loss  spectroscopy,  to  examine  the  localization  of  fluorine- tagged  mole- 
cules. It  has  also  proved  possible  to  semi -quantitatively  examine  the  sub- 
cellular concentrations  and  localization  of  calcium,  phosphorus  and  lithium 
in  platelets,  the  latter  in  cells  from  bipolar  patients  treated  chronically 
with  lithium  carbonate.  Although  more  developmental  work  is  needed,  these 
methods— like  the  thrombi n-formaldehyde  techniques  devised  by  Dr.  Costa  for 
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the  study  of  platelet  transport  mechanisms— are  already  being  used  here  and 
elsewhere  to  examine  some  genetically-based  disorders  In  amine-related  plate- 
let function  and  some  drug  effects  on  these  systems.  They  are  also  being 
evaluated  for  their  applicability  to  studies  of  neuronal  preparations  such  as 
synaptosomes . 
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Annual   Report  of  the  Clinical  Psycho.biology  Branch 

National   Institute  of  Mental   Health 

Frederick  K.  Goodwin,  M.D. 

During  this  last  year,  the  Clinical   Psychobiology  Branch  has  continued 
to  develop  in  several  new  areas,  while  maintaining  momentum  in  a  core  of 
ongoing  long-term  studies.     The  five  functional   units  of  the  Branch  are  as 
follows: 

The  Clinical   Research  Unit,  Thomas  Wehr,  Chief 
The  Outpatient  and  Followup  Unit,  Atheinasios  Zis,  Chief 
The  Unit  on  Family  Studies,  Yolande  Davenport,  Chief 
The  Unit  on  Neuroendocrinology   ,  Philip  Gold,  Chief 
The  Unit  on  Neurochemistry,  Paul   Marangos,   Chief 

Although  designated  as  separate  units  to  clarify  lines  of  administrative 
responsibility,  the  scientific  work  of  all   of  the  units   is  closely  integrated. 

(1)     The  Clinical    Research  Unit  continues  to  serve  as  a  major  focal   point 
for  the  research  efforts  of  the  Branch.     Clinical   studies  of  patients  with 
affective  and  schizoaffective  illness  entail   the  integration  of  behavioral, 
biological    and  pharmacological   observations,  often  on  a  longitudinal   basis. 
Work  on  methods  for  diagnosis  for  the  rating  of  change  continues.     The 
therapy  program  on  the  ward  has  been  structured  according  to  a  group  model 
with  considerable  emphasis  being  given  to  the  role  of  the  primary  nurse 
clinician.     Behavioral   data  is  collected  at  least  twice  daily  on  all    patients. 
The  core  of  the  behavioral   data  collection  system  continues  to  be  the  global 
ratings  arrived  at  by  consensus  of  the  nursing  research  team;  individual 
item  ratings  such  as  the  BPRS  are  done  twice  a  week.     Motor  activity  (see 
Project  #Z01   MH  00450-04)   and  sleep   (assessed  at  half  hour  intervals)  are 
reported  daily  on  all   patients.     All. drug  trials  are  conducted  under  double- 
blind  conditions. 

Currently  the  major  pharmacological   study  on  the  unit  (ini^.iated  late 
this  year)   is  a  crossover  between  desmethyl imipramine  and  zymeladine,  two 
tricyclic  antidepressants  with  highly  specific  effects  on  norepinephrine  and 
serotonin  systems  respectively.     Prospective  "predictions"  of  relative 
efficacy  are  undertaken,  using  pretreatment     spinal    fluid  and  urinary  amine 
metabolite  data.     Work  with  anti-manic  agents   (in  collaboration  with  Dr.   Post 
of  the  BPB)  has  continued  to   focus  on  a  comparison  between  pimozide,  a  rela- 
tively specific  dopamine  antagonist,  and  lithium.     During  this  last  year  lab- 
oratory work  was   initiated  on  FK  33-824  a  highly  potent  synthetic  enkephalin 
analog  which  is  active  orally.     Clinical   trial    has  been  temporarily  delayed: 
by  FDA  requirements  for  additional   toxicological    data. 

Psychometric  studies  have  focused  on  the  MMPI  and  the  Halstead-Reitan 
battery  to  assess  cognitive  function  (both  done  in  collaboration  with 
Dr.   E.   Donnelly  of  St.   Elizabeth's  Hospital   and  D.L.  Murphy  of  the  CNB). 
During  the  year  two  papers,  reporting  that  clusters  of  MMPI   items  could 
predict  antidepressant  response  to  lithium  and  imipramine,  were  accepted  for 
publication.     Data  from  the  Halstead-Reitan  studies  showing  that  the 
cognitive  deficit  in  bipolar  depressed  patients  persists  after  recovery  has 
been  submitted  for  publication. 
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studies  of  the  cortical  evoked  response  (done  in  collaboration  with 
Dr.  Buchsbaum)  have  found  a  relationship  to  subsequent  drug  response.     In  a 
mixed  group  of  unipolar  and  bipolar  depressed  patients  a  "bipolar"  AER 
pattern  (i.e.   augmenting)  predicts  an  antidepressant  response  to  lithium  and 
a  non-response  to  imipramine  while  a  "unipolar"  pattern  (i.e.   reducing) 
predicts  response  to  imipramine  but  a  non-response  to  lithium.     The  AER 
measure  was  a  better  predictor  of  drug  response  than  the  clinical   differential 
of  unipolar  vs.  bipolar.     The  Branch's  collaborative  studies  on  pain  response 
in  depressed  patients  are  described  in  Dr.  Buchsbaum's  Annual   Report  (BPB). 

(2)  Studies  of  amine  metabolites  in  CSF  continue  to  involve  the  collaboration 
of  several  clinical   groups  and  laboratories.     Methodological   studies  have 
shown  that  the  accumulation  of  the  acid  metabolite  of  serotonin  and  dopamine 
(5HIAA  and  HVA)   in  the  CSF  following  the  administration  of  high  doses  of 
probenecid  (100  mg/kg  over  18  hours)  to  depressed  patients,  correlates  with 
the  level  of  probenecid  in  the  CSF  (r  value  is  approximately  0.5).     However, 
no  such  correlation  is  found  in  the  schizophrenic  patients  or  in  depressed 
patients  on  lithium.     The  fluorometric  procedures  for  HVA  and  5HIAA  when 

done  carefully  with  internal   standards  have  been  shown  to  correlate  highly 
with  gas  chromatographic-mass  spectrometry  (GC-MS)  methods  with  correlations 
in  the  0.8  to  0.9  range. 

Studies  of  amine  metabolites  in  relation  to  "normal"  personality  variables 
represent  a  major  new  area  this  year.     In  a  study  of  a  group  of  24  enlisted 
men  done  in  collaboration  with  the  National    Naval   Medical   Center,  a  strong 
negative  association   (   r  =  -0.78  )  was  found  between  CSF  5HIAA  and  an 
independently  scored  clinical  evaluation  of  life  history  of  aggressiveness. 
In  a  related  study,   CSF  levels  of  dopamine  beta-hydroxylase  (DBH),   an 
important  catecholamine  enzyme,  were  examined  in  a  group  of  abstinent 
alcoholics;  individuals  with  DBH  levels  below  the  group  mean  had 'iDa'thological " 
MMPI  profiles  with  significant  elevations  in  a  number  of  the  scales.     These 
and  related  studies  focus  on  various  biological   parameters  as  co-variants  of 
certain  dimensions  of  personality,  rather  than  simply  as  markers  of  diagnostic 
groups  or  of  pathological    symptom  clusters. 

Studies  of  CSF  norepinephrine  and  of  calcium  were  done  in  collaboration 
with  R.   Post  and  are  described  in  the  Annual   Report  of  the  BPB. 

The  use  of  CSF  metabolites  as   "predictors"  of  drug  response  continues  to 
be  of  major  interest  to  the  Branch.     Results  indicate  that  among  unipolar 
patients,  those  with  lower  5HIAA  (after  probenecid)  are  more  likely  to  be 
responders  to  amitriptyl ine  but  non-responders  to  imipramine,  while  the 
reverse  is  true  for  the  unipolar  patients  with  relatively  higher  5HIAA  levels. 

(3)  Studies  of  urinary  MHPG  have  continued  with  a  major  focus  this  year  on 
methodological   questions.     The  gas  chromatographic  method  has  been  shown  to 
correlate  highly  with  the  GC-MS  a  method  (r  =  0.99);  the  mean  values  obtained 
from  GC  are  25%  higher  than  those  by  GC-MS  but  the  high  correlation  between 
the  two  methods  allows  the  application  of  a  correction  factor. 

In  clinical   studies  of  drug  free  depressed  patients  we  have  replicated 
our  earlier  finding  that  MHPG  excretion  is  significantly  lower  in  bipolar 
patients  compared  to  unipolar  patients.     However,  our  earlier  finding  that 
bipolar  patients  were  lower  than  controls  did  not  reach  significance  in  the 
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replication  study.     Longitudinal  studies  confirm  our  earlier  findings  as 
well   as  findings  by  several   other  labs,  that  within  bipolar  patients  MHPG  is 
significantly  higher  in  the  manic  phase  than  in  the  depressive  phase.     How- 
ever, MHPG  changes  do  not  precede  the  switch  into  mania. 

We  have  extended  our  study  of  the  relationship  between  activity  and 
MHPG  using  the  patient  activity  monitor  (see  Report  #Z01    MH  00450-04). 
Total   24-hour  activity  counts  across  patients  do  not  correlate  with  24-hour 
urinary  MHPG.     However,  within  patients  in  whom  both  parameters  are  studied 
e\/ery  three  hours  throughout  the  day,  there  is  a  highly  significant  positive 
correlation  between  MHPG  and  activity.     Studies  on  diurnal   variation  and 
MHPG  show  that  bipolar  depressed  patients  have  a  distinctly  abnormal   rhythm 
with  an  earlier  peak.     The  maximal   difference  between  depressed  patients  and 
controls  is  seen   in  the  overnight  (11   p.m.   to  7  A.M.)  collection.     Studies 
on  the  effects  of  induced  physical    activity  and  of  diet  on  urinary  MHPG 
have  been  extended  to  involve  patients  who  have  been   in  remission  for  at 
least  six  months.     Preliminary  results  obtained  by  Dr.  Zis   indicate  that  the 
abnormal   lability  of  MHPG  in  depressed  patients   (deficient  buffering  of 
central   norepinephrine  systems?)  may  be  state  independent. 

(4)     Studies  of  biological    rhythms  in  affective  illness  have  represented  a 
major  growth  area  for  the  Branch  during  the  last  year.     The  increase  in  our 
investment  in  this  area  is  reflected  in  three  developments:     (a)     $30,000 
from  the  Branch  budget  was  set  aside  for  use  by  the  Technical   Development 
Section  for  a  second  generation  activity  monitor  with  at  least  one  week's 
storage  capacity;   (b)  a  chronopharmacology  laboratory  was  set  up  with  dedi- 
cated space  and  equipment;   (c)   Dr.  Anna  Wirz-Justice,  a  European  investigator 
distinguished  in  the  field  of  chronobiology  has  joined  the  Branch  for  one 
year  as  a  Guest  Worker. 

Recurrent  affective  illness  with  its  inherent  cyclicity  can  itself  be 
viewed  as  a  biological   rhythm.     Our  clinical    studies   focus  on  both  circadian 
(i.e.   24-hour)  and  longer  rhythms.     Some  major  findings  this  year  are  as 
follows: 

(a)  among  female  bipolar  patients  the  natural    rate  or  frequency  of 
cycling  between  depression  and  mania  (or  hypomania)   undergoes  an  average 
four-fold  increase  while  the  patient  is  on  maintenance  tricyclic  antidepress- 
ants.    This  has  important  clinical    implications  for  the  management  of  bipolar 
illness,  particularly  among  females. 

(b)  We  have  extended  our  previous  preliminary  findings  that  some 
regularly  cycling  bipolar  patients  have  temperature  and  activity  rhythms 
that  are  not  accurately  synchronized  to  the  24-hour  day.      In  these  patients, 
the  circadian  rhythms  drift  gradually  in  and  out  of  phase  with  the  24-hour 
day.     In  this  respect,   these  patients  behave  as   if  they  had  been  cut  off 
from  all   environmental    light  and  time  cues,  implying  some  disconnectedness 
in  the  biological   clock  mechanism,  presumably  involving  noradrenergic 
neuronal    systems  and  the  pineal   gland. 
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(c)  Continued  clinical  testing  and  application  of  the  patient  activity 
nitor  (PAM)  has  been  a  major  focus  of  our  biorhythm  work  this  last  year. 
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The  PAM  is  a  small  activity  monitor  that  can  be  worn  on  the  wrist  or  else- 
where; a  special   feature  is  its  self-contained  miniaturized  electronic 
memory  which  allows  the  storage  of  over  512  bits  of  information,  making  it 
completely  ambulatory  with  no  need  for  telemetry.     Continuous  monitoring  each 
fifteen  minutes  allows  us  to  assess  not  only  the  amount  of  activity,  but  also 
its  pattern  or  timing  in  the  24-hour  day.    .The  stored  data  is  converted  by 
computer  to  an  "actogram"  allowing  direct  visual  inspection  and  comparison 
with  a  growing  animal   literature  on  the  neural  regulation  of  the  activity- 
rest  cycle  (involving  especially  the  hypothalamic  "pacemaker"  or  clock  in 
or  near  the  suprachiasmatic  nucleus).     The  "actograms"  have  revealed  changes 
in  cycling  patients,  and  also  a  phenomenon  of  "splitting"  of  the  daily 
activity  phase  into  two  components  during  hypomania. 

(d)  In  four  bipolar  patients  kept  for  various  times  in  an  environment 
isolated  from  the  usual   time  and  light  cues,  we  have  noted  a  dissociation 
of  the  activity-rest  cycle  from  the  circadian  temperature  rhythm,  which  then 
begins  to  "free-run"  at  period  lengths  greater  than  24  hours.     Of  most 
interest  was  the  onset  of  a  switch  into  hypomania  related  to  this  rhythm 
desynchronization.     In  a  related  study,  a  depressed  patient  who  had  consis- 
tently shown  a  transient  antidepressant  response  to  one  night  of  sleep 
deprivation  was  "phase  advanced"  six  hours  and  after  several   days  responded 
with  a  dramatic  recovery  which  was  not  transient  (unlike  sleep  deprivation). 

(e)  Major  progress  in  data  reduction  techniques  have  been  made  with 
the  development  of  a  series  of  special    computer  programs  that  can  rapidly 
analyze  and  display  large  amounts  of  activity  data  with  varying  time  frames. 
For  example  a  full  year's  continuous  activity  data  can  be  plotted  in  a  single 
diagram  in  order  to  examine  long-range  trends  and  recurrent  patterns. 

(f)  The  design  of  a  new  PAM  with  a  far  greater  memory  capacity  has  been 
accomplished  and  arrangements  for  its  manufacture  are  now  under  way. 

(g)  Further  biological  characterization  of  circadian   rhythms  in  patients 
has  focused  on  the  use  of  a  "blood  pump",  a  device  worn  by  the  patient  which 
automatically  withdraws  blood  over  a  set  period  of  time  at  a  slow  steady  rate, 
giving  an  integrated  measure.     Circadian  data  on  neuroendocrines  and  melatonin 
from  six  patients  is  now  being  analyzed. 

(h)     The  new  animal    laboratory  is  now  monitoring  24-hour  activity-rest 
cycles  in  a  group  of  hamsters  using  special   activity  cages.     Data  processing 
and  display  is  similar  to  that  used  for  clinical   studies  so  that  direct 
comparisons  can  be  made.     The  long  term  effects  of  lithium  and  of  tricyclic 
antidepressants  are  under  evaluation. 

(5)     Studies  on  the  clinical    pharmacology  of  tricyclic  antidepressants 
represent  another  area  where  major  new  initiatives  have  been  undertaken 
during  the  last  year,   under  the  direction  of  Dr.  William  Potter.     Much  of 
the  progress  has  been  made  possible  by  the  work  of  Dr.   Helena  Calil   a  W.H.O. 
Fellow.     It  is  anticipated  that  this  area  will   continue  to  grow,   particularly 
with  the  arrival   next  July  of  an  M.D.-Ph.D.   psychiatrist  who  matched  with 
the  Branch  through  the  NIGMS-PRAT  program.     Major  findings  this  year  are  as 
follows: 
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(a)  With  imipramine  it  is  possible  to  use  a  single  dose  followed  by 
three  to  four  blood  samples  to  estimate  the  half-life  of  the  drug;  single 
dose  kinetics  correlate  highly  (r  =  0.9)  with  plasma  concentrations  ultimate- 
ly achieved  at  steady-state.     In  addition,  even  a  single  measure  of  imipramine 
24  hours  after  a  loading  dose  of  100  mg  is  a  reasonably  good  predictor  of 
ultimate  steady-state  level.     Given  the   very  wide  range  of  drug  levels 
achieved  among  different  individuals  on  a  standard  dose  of  tricyclics  the 
clinical    utility  of  these  preliminary  findings   is  obvious. 

(b)  It  has  been  suggested  that  plasma  level   determinations  may  not  be 
meaningful  because  of  the  variation   in  the  amount  of  drug  bound  to  the  plasma 
protein  and  therefore  presumably  not  available  to  act  at  the  relevant  brain 
tissues.     Studies  completed  this  year  effectively  put  this  question  to  rest 
by  showing  that  the  affinity  of  tricyclics  for  brain  tissue  is  45  times 
greater  than  for  plasma  protein.     Confirming  these  in  vitro  observations  is 
the  finding  that  CSF  levels  of  drug  correlate  very  highly  with  total    plasma 
level  and  that  correcting  for  binding  does  not  materially  improve  this 
correlation. 

(c)  The  hydroxylated  metabolites  of  imipramine  and  desmethyl imipramine, 
previously  presumed  to  be  inactive,  have  been  shown  to  inhibit  amine  uptake 
into  synaptosomes  at  about  the  same  level   of  potency  as  the  parent  drugs. 
Studies  in  rats  show  that  these  hydroxylated  metabolites  are  present  in 
appreciable  amounts  in  brain  after  tricyclic  administration  and  that  when 
administered  directly  they  show  a  typical   antidepressant  pharmacological 
profile   (such  as  reversal   of  reserpine  syndrome  etc.).  The  existence  of 
these  active  metabolites  may  explain   some  of  the  variance  in  studies  relating 
drug  level   to  clinical   effects  in  patients. 

(6)     The  completion  of  the  first  phase  of  clinical   studies  of  melatonin 
represents  a  most  satisfying  culmination  of  the  major  effort  by  Drs.   Lewy 
and  Markey  in  developing  and  perfecting  the  GC-MS  assay.     Although  further 
methodological   refinements  are  continuously  being  made  emphasis  has  now 
shifted  to  the  application  of  the  assay  both  in  clinical   and  animal   studies. 
Major  findings  this  year  include: 

(a)  In  rats  a  beta-adrenergic  receptor  agonist  (isoproterenol)  pro- 
duces a  large  increase  in  plasma  melatonin,  and  this  increase  is  blocked  by 
propranolol   a  beta-receptor  antagonist.     These  findings  are  consistent  with 
other  evidence  that  the  secretion  of  melatonin   is  under  the  control   of  a 
norepinephrine  mediated  system  involving  a  beta-adrenergic  receptor  and 
suggests  that  melatonin  secretion  can  be  used  as  a  measure  of  the  activity 
of  this  receptor. 

(b)  In  normal   controls  a  clear  diurnal   rhythm  has  been  found,  very 
similar  to  that  seen  in  other  species.     Unlike  earlier  results  with  the 
immunoassays,  our  daytime  levels  are  quite  low  (less  than  10  pg/ml ) ; 
nighttime  peaks  range  from  40  to  60  pg/ml . 

(c)  In  a  group  of  five  manic  patients  total   24-hour  melatonin  secretion 
is  significantly  higher  than  normal    controls;  there  is  a  trend  for  the 
nighttime  peak  to  be  shifted  earlier  in  the  manic  patients. 
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Clinical  studies  of  melatonin  In  a  wide  variety  of  conditions  are  planned. 
With  respect  to  affective  Illness,  melatonin  studies  will  employ  both  plasma 
and  urine  and  will  focus  on  Its  use  as  a  marker  for  pineal  activity  Including 
the  implications  for  diurnal  rhythms  and  for  beta-adrenergic  receptor  function. 

(7)  This  year  the  major  focus  in  the  outpatient  unit  has  been  on  consolida- 
tion, reorganization  and  further  development  of  methodologies.  With  70 
patients  now  in  active  treatment,  further  expansion  has  been  curtailed  due  to 
staff  limitations.  It  is  anticipated  that  as  the  occupancy  date  of  the 
ambulatory  care  facility  approaches,  new  resources  will  be  made  available  for 
expanded  outpatient  studies. 

Of  major  importance  this  year  was  the  retention  of  Dr.  Paul  Grof  as  a 
regular  consultant.  Dr.  Grof  has  had  extensive  experience  running  large 
affective  illness  clinics  in  several  countries  and  has  stimulated  much  of  the 
reorganization  accomplished  this  last  year. 

Under  the  new  administrative  structure,  Mrs.  Davenport  is  clinical 
administrator,  while  Dr.  Zis  is  research  administrator.  Two  psychiatrists 
and  a  nurse  have  part  time  assignments  to  the  clinic.  The  major  data 
collection  effort  has  been  to  complete  Research  Diagnostic  Criteria  diagnoses 
for  former  patients  discharged  from  the  unit  before  the  RDC  was  routine.  New 
self-ratings  as  well  as  an  assessment  form  to  rate  suitability  for  biological 
research  have  also  been  developed. 

Working  with  data  on  229  unipolar  and  105  bipolar  patients  followed  by 
Dr.  Grof,  Dr.  Zis  has  analyzed  clinical  predictors  of  the  natural  course  of 
affective  illness.  Polarity  of  the  initial  episodes  (i.e.  mania  or  depression) 
predicted  the  predominant  polarity  of  subsequent  episodes.  Males  had  onset 
mania  significantly  more  often  than  females.  The  probability  of  relapse 
within  24  months  and  the  number  of  episodes  within  five  years  of  any  given 
episode  was  strongly  associated  with  age  of  onset;  relapse  probability 
increased  with  later  age  of  onset.  Fifteen  percent  of  this  sample  of  bipolar 
patients  had  three  depressions  before  their  first  mania,  suggesting  that  many 
unipolar  patients  may  be  falsely  classified  as  unipolar. 

Several  psychosocial  studies  have  continued.  This  year  an  effort  has 
focused  on  a  descriptive  characterization  of  patients  with  "dysphoric  mania". 
A  psychodynamic  study  of  several  families  with  affective  illness  in  multiple 
generations  has  been  completed  and  submitted  for  publication.  In  a 
collaborative  study  with  the  Psychogenetics  Unit  of  the  BPB,  certain  attitudes 
were  explored  in  the  Couples  Group.  Related  to  this  was  the  formation  of  an 
expectant  parents  group,  involving  bipolar  patients  taken  off  lithium  for 
pregnancy  and  subsequent  lactation.  Of  special  interest  was  the  development 
of  post-pa rtum  mania  in  two  of  these  patients  while  off  lithium. 

Evaluation  of  the  adjunctive  impact  of  Couples  Group  therapy  on  the 
prophylactic  efficacy  of  lithium  in  bipolar  patients  continues.  This  effort 
has  been  enhanced  this  year  by  the  establishment  of  a  collaboration  with 
Dr.  Morris  Pari  off  of  the  Extramural  Program.  Dr.  Suzanne  Hadley,  a 
Visiting  Scientist  with  Dr.  Parloff,  spends  part-time  in  our  clinic  and  is 
involved  with  Mrs.  Davenport  in  several  projects. 
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A  number  of  biological  studies  of  outpatients  in  the  "well  state" 
have  been  accomplished  this  year  and  are  described  under  the  appropriate 
individual  projects, 

(8)  Neuroendocrine  studies  have  become  a  major  part  of  the  Branch's 
clinical  research  effort  under  the  direction  of  Dr.  Gold  who  continues  to 
serve  as  the  major  clinical  neuroendocrine  resource  person  for  the  division. 
An  attempt  to  establish  a  Division  neuroendocrine  lab  collaboratively  with 
the  NINCDS  was  not  successful.  Nevertheless,  Dr.  Gold  has  been  remarkably 
successful  in  arranging  the  highest  quality  of  collaborations  with  outside 
laboratories  assuring  that  the  neuroendocrine  studies  of  all  of  the  clinical 
units  can  be  accomplished.  This  year  has  seen  the  initiation  of  CSF 
neuroendocrine  peptide  studies  as  well  as  the  continuation  of  the  integrated 
neuroendocrine  challenge  test  (argenine,  TRH' and  LH-RH),  the  initiation  of 
dopamine  infusions,  and  a  group  of  studies  focused  on  vasopressin.  Major 
findings  this  year  include  the  following: 

(a)  IV  dopamine  infusion  was  associated  with  a  significant  increase  in 
platelet  MAO  (studied  with  Dr.  Murphy)  which  could  explain  why  plasma  dopamine 
levels  fall  even  with  a  constant  infusion. 

(b)  Schizophrenic  patients  withdrawing  from  pimozide  (studied  with 

Dr.  Van  Kammen)  showed  an  exaggerated  prolactin  response  to  dopamine  infusion, 
suggesting  increased  dopamine  receptor  sensitivity;  chronic  lithium  treatment 
decreased  the  effects  of  dopamine  infusion  on  prolactin. 

(c)  In  addition  to  publishing  a  paper  outlining  a  "vasopressin  hypothesis 
of  affective  illness"  we  have  initiated  clinical  studies  involving  saline 
infusions  and  plasma  and  CSF  vasopressin  assays. 

(d)  CSF  somatostatin  levels  are  being  studied  in  collaboration  with 
Dr.  Reichlin.  Preliminary  data  suggests  that  this  important  hypothalamic 
releasing  factor  is  higher  in  mania  compared  to  bipolar  depression. 

(e)  In  collaborative  studies  with  Dr.  Gillin  on  neuroendocrine  function 
in  sleep,  we  have  shown  that  growth  hormone  infusion  significantly  decreases 
state  IV  sleep  and  LH  RH  infusion  tends  to  decrease  stage  IV  sleep  in  women. 

(f)  Several  other  studies  involving  amenorrhea, neuroendocrine  effects 
of  naloxone  and  of  enkephalins,  of  apomorphine,  of  tricyclic  antidepressants 
etc.  are  under  way  but  data  analysis  is  not  yet  complete. 

(9)  Study  of  the  brain  specific  proteins  under  Dr.  Paul  Marangos,  particu- 
larly the  neuronal  and  gl ial  forms  of  enolase,  continue  to  be  a  major  focus 
of  the  neurochemical  laboratory.  These  studies  have  been  especially  produc- 
tive this  last  year  as  a  number  of  new  collaborations  developed.  These  pro- 
teins have  proven  to  be  important  not  only  as  specific  molecular  markers  of 
neurons  and  of  glia  and/or  as  markers  of  the  degree  of  cellular  differentia- 
tion in  the  CNS  (see  last  year's  report),  but  also  in  their  own  right  as 
glycol itic  enzymes  and  therefore  as  indices  of  cellular  metabolic  activity. 
The  developmental  profile  of  these  enzymes  shows  that  as  maturation  progresses 
the  nervous  system  switches  from  the  glial  form  (NNE)  to  the  neuronal  form 
(NSE).  Differential  functional  characterization  of  NSE  that  adapted  to  the 
neuronal  milieu  were  described. 
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Sensitive  radioimmunoassays  have  been  developed  for  both  NSE  and  NNE; 
using  these  assays  a  number  of  basic  and  clinical  studies  are  underway.    The 
Identification  of  the  neuronal  form  (NSE)  In  a  group  of  cells  referred  to  as 
APUD  (amine  precursor  uptake  and  decarboxylation)  cells  Is  exciting  since  It 
tends  to  confirm  the  underlying  "neuronal"  nature  of  these  widely  distributed 
specialized  endocrine  cells.     NSE  in  the  pinealocytes  (an  APUD  cell)  are 
increased  in  the  dark  and  decreased  in  the  light,  a  pattern  parallel  to 
melatonin  secretion  and  presumably  reflecting  changes  in  metabolic  activity. 

A  wide  variety  of  other  studies  are  underway  including  studies  of  NSE 
in  neuronal   cell   cultures  under  various  conditions.     One  study  involves 
cultured  neurons  infected  with  Rous  Sarcoma  virus,  since  under  these  condi- 
tions, carcinogenesis  has  been  shown  to  be  related  to  metabolic  activity  in 
the  cell . 

(10)     Study  of  neuron  specific  and  glial   specific  proteins  have  been  extended 
to  clinical   disorders  using  CSF  in  plasma.     The  rationale  for  this  work, which 
is  preliminary  at  this  point,  is  that  these  specific  neuronal   and  glial 
markers  would  be  released  upon  cellular  destruction  and  therefore  help 
differentiate  neuronal   vs.   glial    pathology  and  serve  as  a  quantifiable  index 
of  cellular  damage.     Preliminary  results   indicate  elevated  levels  in  some 
acute  neurological  conditions  and  with  NSE/NNE  differences  in  the  expected 
direction. 

(n)     Endogenous  factors  that  interact  with  the  benzodiaz,epine  receptor. 
Work  in  this  area  was  initiated  by  Dr.   Marangos  this  year,   primarily  at  the 
suggestion  of  Dr.   Steven  Paul    (now  an  associate  in  the  Branch)  and  Dr.   Philip 
Skolnick  of  the  NIAAA  stimulated  by  the  finding  by  Squires  of  a  specific 
receptor  for  benzodiazepine  in  brain.     Since  benzodiazepines  are  the  most 
widely  used  drugs  in  the  world,  this  area  has  attracted  considerable  interest. 

Two  factors  which  were  found  to  interact  specifically  with  the  diazepam 
receptor  were,  after  extensive  analysis,   identified  as  the  purines,  inosine 
and  hypoxanthine.     Studies  are  underway  to  evaluate  the  possible  physiological 
significance  of  these  findings.     Work  has  also  been  undertaken   in  an  attempt 
to  identify  a  protein  reported  to  have  an  inhibitory  interaction  with  the 
benzodiaz^ine  receptor.     Preliminary  results   indicate  that  it  is  a  small 
molecular  weight  protein,   is  stable  to  heat  and  is  acidic. 

02)     Studies  of  the  opiate  peptides   (endorphins)  were  initiated  this  year. 
Ihese.  include  laboratory  studies  and,   in  collaboration  with  the  BPB,   clinical 
studies  of  naloxone  in  mania  and  beta-endorphin  in  depression. 

Laboratory  studies   focused  on   FK  33-824  a  highly  potent  synthetic 
enkephalin  analogue  which  is  active  orally  and  hence  may  have  clinical   appli- 
cation.    FK  33-824  inhibits  conditioned  avoidance  responding  in  rats  and 
blocks  piperoxan  induced  anxiety  in  monkeys.     These  and  other  studies  suggest 
interactions  between  this  peptide  and  brain  catecholamine  systems. 

In  clinical   studies  a  double-blind  trial   of  naloxone  failed  to  show  any 
convincing  antimanic  effect  in  ten  patients.     Infusions  of  beta-endorphin  in 
patients  with  affective  illness  have  been   initiated  and  a  clinical   trial   of 
FK  33-824  is  planned. 
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Annual  Report  of  the  Laboratory  of  Clinical  Science 
National  Institute  of  Mental  Health 
Irwin  J.  Kopin,  M.D.,  Chief 
October  1,  1977  through  September  30,  1978 

Introduction 

The  Laboratory  of  Clinical  Science  conducts  research  con- 
cerned with  defining  fundamental  mechanisms  which  control  the 
development  and  function  of  the  nervous  system  and  applying  this 
knowledge  to  understanding  the  biological  bases  for  the  etiology, 
pathogenesis,  and  pharmacological  management  of  psychiatric, 
neurologic,  or  other  disorders  in  which  the  brain  or  autonomic 
nervous  system  plays  a  central  role.   At  present  the  Laboratory 
comprises  four  sections  (Experimental  Therapeutics,  Histopharma- 
cology.  Medicine  and  Pharmacology)  and,  within  the  Office  of  the 
Chief,  two  units  (Clinical  Biochemistry  and  Phairmaco logical 
Applications  of  Mass  Spectrometry) .   The  units  carry  out  indepen- 
dent research  for  development  and  application  of  methods  required 
for  biological  aspects  of  clinical  investigations  and  play  a 
crucial  role  in  supporting  clinical  biochemical  and  pharmacokinetic 
studies  which  are  carried  out  in  several  other  branches  of  the 
Intramural  Research  Program  as  well  as  with  the  Laboratory. 

Research  programs  in  several  of  the  Sections  are  directed  at 
determining  how  genetic  factors,  hormones,  drugs,  or  environmental 
conditions  may  influence  the  development  and  function  of  the 
nervous  system.   This  information  is  crucial  to  understanding  how 
mental  or  other  nervous  disorders  are  precipitated,  exacerbated, 
or  alleviated  and  can  be  obtained  only  by  studies  conducted  at 
various  levels  of  biological  complexity.   Clinical  studies  are 
equally  important  in  defining  the  problems  and  providing  insights 
into  promising  or  important  lines  of  investigation.   The  common 
interests  and  cross-fertilization  of  the  clinical  and  fundamental 
research  programs  results  in  considerable  collaboration  amongst 
the  several  independent  investigators  within  the  Laboratory. 
There  are  also  generated  numerous  collaborative  projects  with 
other  laboratories  or  branches  of  the  NIMH  and  other  divisions  of 
the  NIH. 

Section  on  Pharmacology 
Julius  Axelrod,  Ph.D. 

The  research  projects  in  the  Section  on  Pharmacology  continue 
to  focus  on  several  aspects  of  neuronal  function  including 
molecular  mechanisms  of  neurotransmitter  release,  involvement  of 
methylation  in  biochemical  processes  occurring  in  membranes, 
receptors  for  humoral  substances  and  drugs,  biochemical  altera- 
tions in  specific  regions  of  brain  stem  in  various  forms  of 
experimental  hypertension  and  stress,  and  neuronal  control  of 
endocrine  glands  and  circadian  rhythms. 
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The  administration  of  isoproterenol  causes  a  marked  increase 
in  the  activity  of  protein  carboxymethylase  and  its  acceptor 
protein  in  rat  parotid  glands  (Drs.,  Strittmatter,  Gagnon  and 
Axelrod) .   This  stimulation  of  protein  carboxymethylase  has  been 
shown  to  be  mediated  by  a  6-adrenergic  receptor.   Stimulation  of 
the  posterior  pituitary  resulting  from  ingestion  of  sodium 
chloride  causes  an  increase  in  protein  carboxymethylase  activity 
in  the  posterior  pituitary  and  a  decrease  of  an  acceptor  protein 
tentatively  identified  as  neurophysin  (Drs.  Gagnon  and  Axelrod). 
Protein  carboxymethylase  is  highly  localized  in  sperm  of  rat 
(Drs,  Gagnon  and  Bardin)  and  in  an  infertile  rat  mutant  the 
activity  of  this  enzyme  is  markedly  diminished. 

Two  methyltransferase  enzymes  have  been  found  to  synthesize 
phosphatidyl  choline  from  phosphatidylethanolamine  in  adrenal 
medulla  and  erythrocyte  membrane  (Drs,  Hirata  and  Axelrod) , 
These  enzymes  have  been  found  to  be  asyiratietrically  distributed  in 
erythrocyte  membranes  and  appear  to  be  involved  in  the  trans- 
location of  phospholipids  from  the  cytoplasmic  to  the  outer  sur- 
face of  membranes.   The  enzymatic  methylation  of  phosphatidyl- 
ethanolamine to  phosphatidyl  N-monomet.hylethanolamine  causes  a 
profound  change  in  membrane  fluidity  (Drs.  Hirata  and  Axelrod), 
Stimulation  of  the  6-adrenergic  receptors  on  reticulocyte  "ghosts" 
causes  an  increase  in  methylation,  fluidity  and  translocation  of 
phospholipids  with  coupling  of  3-adrenergic  receptor  to  adenylate 
cyclase  (Drs.  Hirata,  Strittmatter  and  Axelrod) .   More  3-adre- 
nergic receptors  become  available  for  binding  by  ligands  when 
phospholipid  methylation  is  increased  by  the  addition  of  S- 
adenosyl  methionine  to  reticulocyte  "ghosts."  , 

Catecholestrogens  were  found  to  have  a  high  affinity  for 
estrogen  receptors  of  brain,  uterus,  mammary  tissues  and  liver 
(Drs.  Paul,  Axelrod  and  Lipman) .   Preliminary  results  using  a 
mammary  carcinoma  cell  line  in  vitro  indicate  that  catecholestro- 
gens have  an  inhibiting  effect  on  cell  growth  (Drs.  Paul,  Axelrod 
and  Lipman) .   Catecholestrogens  can  compete  with  estrogen  recep- 
tors in  these  tumors.   Both  the  catechol-forming  enzyme  and  its 
inactivating  enzyme,  catechol-0-methyltransf erase,  are  present 
in  human  breast  tissues.   A  highly  significant  increase  in  cate- 
chol-0-methyltransferase  activity  was  found  in  malignant  breast 
tissue  (Drs.  Paul  and  Axelrod) . 

Estrogen  has  been  found  to  result  in  release  of  endogenous 
noradrenaline  and  dopamine  from  certain  areas  of  the  rat  hypo- 
thalamus (Drs.  Paul  and  Axelrod) . 

A  rapid  post-ictal  elevation  in  the  number  of  ^H-diazepam 
binding  sites  has  been  demonstrated  in  the  rat  cortex  (Drs.  Paul 
and  Skolnick) .   After  the  injection  of  ^H-diazepam  into  rats, 
labelling  of  benzodiazepine  receptors  in  brain  has  been  found. 
Attempts  to  isolate  an  endogenous  ligant  for  the  benzodiazepine 
have  shown  that  a  number  of  low  molecular  weight  substances  can 
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compete  with  ^H-diazepam  for  receptor  sites  (Drs.  Paul,  Skolnick 
and  Marangos) .   These  substances  have  the  properties  of  purine 
nucleotides.   Further  studies  have  established  the  presence  of  a 
heat-stable  protein  (10,000  to  20,000  daltons) ,  isolated  from 
beef  cortex,  which  can  compete  with  the  high  affinity  binding  of 
^H-diazepam.   A  rapid  and  sensitive  radioreceptor  assay  for 
measuring  benzodiazepine  in  plasma  has  been  developed  (Drs.  Paul 
and  Skolnick) . 

In  spontaneously  hypertensive  (SHR)  rats,  epinephrine  levels 
were  found  to  be  decreased  in  areas  of  the  brain  stem  with  high 
PNMT  activity,  suggesting  an  increased  epinephrine  turnover  in 
these  areas  (Dr.  Saavedra) .   The  changes  in  brain  stem  epinephrine 
coincide  in  time  with  an  increase  in  the  epinephrine-forming 
enzymes  in  the  adrenal  gland.   Later  in  the  development  of  the 
hypertension,  when  the  brain  epinephrine  changes  are  no  longer 
present,  an  increased  foinnation  of  adrenal  medullary  catechola- 
mines was  noted  (Drs.  Saavedra  and  Grobecker) .   The  administra- 
tion of  a  PNMT  inhibitor  which  lacks  a-receptor  blocking  proper- 
ties resulted  in  a  normalization  of  the  high  blood  pressure  in 
SHR  rats,  suggesting  that  central  and/or  peripheral  adrenergic 
mechanisms  may  be  related  to  the  onset  and/or  maintenance  of  the 
hypertension  (Dr.  Saavedra) . 

In  animals  made  hypertensive  by  DOCA-salt  administration, 
similar  changes  in  PNMT  activity  were  noted,  as  well  as  increases 
in  epinephrine  levels  in  selective  brain  stem  areas  related  to 
the  cardiovascular  control.   These  changes  were  more  widespread 
after  longer  treatment  with  DOCA  and  salt,  which  resulted,  in 
greater  elevations  of  blood  pressure  (Dr.  Saavedra) .   In  neuro- 
genic hypertensive  rats  (bilateral  sino-aortic  denervation) ,  pre- 
liminary results  indicate  that  PNMT  activity  is  also  increased  in 
brain  stem  (nucleus  tractus  solitarius  area)  (Drs.  Saavedra  and 
Alexander) . 

Acute  immobilization  stress  results  in  a  decrease  in  epi- 
nephrine levels  in  brain  stem  nuclei  (Saavedra  and  Kvetnansky) . 
These  changes  occur  in  specific  brain  stem  regions  which  suggest 
that  they  were  probably  related  to  the  changes  observed  in  SHR 
rats.   Epinephrine  changes  were  more  pronounced  and  widespread 
than  those  of  norepinephrine,  indicating  that  the  two  catechola- 
mines may  have  different  roles  with  regard  to  cardiovascular 
regulatory  mechanisms  and  in  the  response  to  stress. 

Preliminary  findings  (Dr.  Saavedra)  indicate  that  serotonin 
and  histamine  are  concentrated  in  areas  of  the  brain  stem  where 
changes  in  catecholamines  o'ccur  during  hypertension. 

Studies  on  the  biosynthesis  of  the  two  major  neurophysins 
found  in  rat  are  continuing  (Drs.  Browns tein,  Gainer  and  Russell) . 
Efforts  are  currently  being  directed  toward  characterization  of 
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the  large  precursors  which  give  rise  to  the  neurophysins  and 
isolating  the  enzymes  involved  in  metabolizing  these  precursors. 
Examination  has  begun  on  the  synthesis  and  "natural  history"  of 
the  slowly  transported  protein  species  found  in  the  hypothalamo- 
neuro hypophysial  system  (Drs.  Brownstein,  Gainer  and  Fink).  They 
plan  to  characterize  these  proteins  and  to  study  alterations  in 
the  rates  of  synthesis  and  transport  of  the  proteins  that  may 
accompany  physiological  manipulations. 

The  TRH-like  substance  in  the  retina  of  the  rat  is  to  be 
characterized  so  that  study  of  the  biosynthesis  of  TRH  in 
retinal  tissue  can  be  initiated  (Drs.  Schaeffer  and  Brownstein) . 
The  synthesis  of  TRH-like  material  in  the  retina  has  been  shown 
to  be  carried  out  in  vitro  and  to  require  Ca++  and  ATP.   In 
addition.  Dr.  Schaeffer  has  succeeded  in  dissociating  retinal 
cells  and  in  separating  them  on  density  gradients  so  that  the 
neurochemistry  of  the  isolated  cells  can  now  be  examined.   Brain 
membranes  have  been  shown  to  bind  insulin  with  marked  specificity 
and  high  affinity  (Drs.  Havrankova,  Roth  and  Brownstein).   The 
insulin  "receptors"  are  essentially  identical  to  those  found  in 
the  periphery  and  are  heterogeneous ly  distributed  in  the  CNS. 
In  addition  to  receptors,  there  is  also  insulin  in  the  brain. 
The  insulin  levels  are  far  in  excess  of  blood  levels.   The  origin 
of  this  insulin  remains  to  be  determined,  but  preliminary  observa- 
tions using  immunocytochemical  techniques  suggest  the  presence  of 
neuronal  perikarya  which  contain  insulin  (Drs.  Brownstein  and 
Schmechel) . 

Investigations  of  the  regulation  of  cyclic  nucleotide 
metabolism  in  the  rat  pineal  have  continued  (Dr.  Zatz) .   Cyclic 
GMP  is  released  from  sympathetic  nerves  in  association  with  exo- 
cytosis  of  neurotransmitter.   Low  concentrations  of  lithivim 
inhibit  the  ger':  ration  of  cyclic  AMP  and  of  cyclic  GMP  in  response 
to  stimulation.   Lithium  interferes  with  the  effect  of  magnesium 
on  hormone-sensitive  adenylate  cyclase. 

Investigation  of  the  mechanisms  regulating  circadian  rhythms 
has  been  initiated.   Central  depressants  applied  to  the  super- 
chiasmatic  nucleus  interfere  with  transmission  of  the  signal  from 
the  circadian  oscillator  to  the  pineal,  resulting  in  a  rapid  fall 
in  N-acetyltransferase  activity.   Light  and  carbachol  applied  to 
the  superchiasmatic  nucleus  can  also  affect  the  oscillator 
directly;  each  can  reset  the  circadian  mechanism  and  cause  a  phase 
shift  of  the  pineal  rhythm  (Drs.  Zatz  and  Brownstein).   These  data 
demonstrate  the  feasibility  of  a  neuropharmacologic  approach  to 
the  regulation  of  circadian  rhythms  in  mammals. 
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Section  on  Histopharmacology 
David  M.  Jacobowitz,  Ph.D. 

This  section  carries  out  histochemical  and  neurochemical 
analyses  of  discrete  brain  nuclei  and  neuronal  pathways  in 
order  to  define  the  underlying  bases  for   central  neurotrans- 
mitters involvement  in  behavioral  regulation. 

Histochemical  and  neurochemical  studies  are  used  to  map 
central  aminergic,  cholinergic,  and^GS»BAergic  pathways.   The 
ascending  projections  of  the  noradrenergic  ventral  bundle  of  the 
rat  brain  was  mapped  (Dr.  Crowley  and  Mr.  O'Donohue)  by  the  use 
of  a  microdissection  technique  capable  of  removing  specific 
brain  nuclei  combined  with  an  isotopic  assay  for  norepinephrine 
(NE)  and  dopamine  (DA) .   Transection  of  the  noradrenergic 
ventral  bundle  resulted  in  a  reduction  of  the  NE  concentration 
in  the  nucleus  accumbens,  lateral  septum,  median  eminence, 
central  gray,  nucleus  interstitialis  striae  terminalis  and  the 
ventromedial,  dorsomedial,  medial  amygdaloid,  paraventricular, 
arcuate,  supraoptic,  medial  preoptic,  lateral  preoptic  and  para- 
ventricular nuclei.   A  decrease  in  the  nucleus  acciombens  DA  con- 
centration and  turnover  and  an  increase  in  the  DA  content  and 
turnover  of  the  nucleus  tractus  diagonalis  suggest  specific 
noradrenergic-dopaminergic  interactions . 

We  previously  reported  (Dr.  Silver)  the  specific  in  vivo 
uptake  and  retrograde  transport  of  antibody  to  dopamine-3- 
hydroxylase  (AD3H)  by  noradrenergic  neurons  in  the  rat  brain. 
This  unique  procedure  was  utilized  to  elucidate  the  circuitry 
and  origin  of  NA  innervations  to  specific  brain  regions.   Minute 
volumes  of  AD3H  were  stereotaxically  injected  into  various 
regions  within  the  brain  and  spinal  cord.   Utilizing  the  specific 
AD3H  uptake  and  retrograde  flow  characteristic  of  NE  neurons, 
it  was  possible  to  elucidate  the  specific  NE  pathways  to  each  of 
these  areas.   This  study  also  demonstrated  that  the  locus 
coeruleus  receives  noradrenergic  projections  from  each  of  the 
other  noradrenergic  cell  groups  (Al,  A2,  A5)  which  suggests  an 
additional  regulatory  process  for  noradrenergic  neurons. 

Evidence  was  obtained  that  a  major  cholinergic  pathway  in 
the  brain  emanates  from  the  region  of  the  nucleus  cuneiformis 
(in  the  reticular  formation) .   Brain  lesion  studies  coupled  with 
microdissection  and  microassay  techniques  for  choline  acetyl- 
transferase  (CAT)  demonstrated  a  decrease  in  AChE  staining  and 
CAT  activity  in  the  ipsilateral  anterior  thalamic  nuclei,  n. 
retincularis  thalami,  n.  medialis  thalami,  n.  paraf ascicularis, 
the  pretectal  nuclei,  the  lateral  geniculate  and  the  superior 
colliculus  (Dr.  Hoover) . 

The  nucleus  of  the  tractus  diagonalis  was  found  to  contain 
a  major  cholinergic  pathway  that  projects  via  the  stria 
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terminalis  habenula,  and  fasciculus  retroflexus  to  provide  50% 
of  the  cholinergic  innervation  to  the  interpeduncular  nucleus 
(Dr.  Gottesfeld) . 

This  laboratory  has  recently  been  concerned  with  problems 
relevant  to  neural  control  of  gonadotropin  secretion  and  ovula- 
tion.  The  effects  of  ovarian  hormones  on  catecholamine  levels 
and  turnover  in  individual  brain  nuclei  of  ovariectomized  female 
rats  have  been  examined.   Treatment  of  ovariectomized  female  rats 
with  estrogen  lowered  plasma  follicle  stimulating  hormone  and 
luteinizing  hormone  54  hrs.  later  and  reduced  the  turnover  of 
norepinephrine  (NE)  in  the  interstitial  nucleus  of  the  stria 
terminalis  and  central  gray  and  of  dopamine  (DA)  in  the  nucleus 
tractus  diagonalis.   Treatment  of  estrogen-primed  females  with 
progesterone  at  48  hrs.  elevated  plasma  gonadotropins  at  54  hrs. 
and  increased  NE  turnover  in  the  nucleus  of  the  stria  terminalis ^ 
central  gray  and  arcuate  nucleus  and  increased  DA  turnover  in  the 
nucleus  tractus  diagonalis  and  nucleus  stria  terminalis.   Estro- 
gen plus  progesterone  decreased  NE  turnover  in  the  ventromedial 
periventricular  and  paraventricular  nuclei.   The  results  suggest 
that  catecholamine  neurons  in  several  discrete  brain  regions 
participate  in  the  stimulatory  and  inhibitory  feedback  effects 
of  ovarian  hormones  on  gonadotropin  secretion  (Drs.  Crowley, 
Wachslicht  and  Mr.  O'Donohue). 

A  study  to  delineate  the  role  of  central  cholinergic  neurons 
in  the  regulation  of  gonadal  steroid  hormone  levels  in  rats  is 
currently  underway.   Changes  in  choline  acetyltransferase  (CAT) 
activity  of  discrete  brain  areas  in  response  to  the  mani]^ulation 
of  circulating  levels  of  gonadal  hormones  have  been  used  to 
identify  those  areas  which  may  participate  in  the  feedback 
actions  of  gonadal  steroids.   In  adult  male  rats,  castration  ele- 
vated CAT  activity  in  the  medial  preoptic  nucleus  and  posterior 
medial  amygdala.   Testosterone  treatment  lowered  CAT  activity  in 
the  nucleus  tractus  diagonalis.   In  female  rats  ovariectomized 
as  adults,  estradiol  treatment  followed  48  hrs.  later  by  pro- 
gesterone reduced  CAT  activity  in  the  caudal  nucleus  tractus 
diagonalis  and  in  the  periventricular  nucleus  and  increased  CAT 
activity  in  the  caudal  nucleus  tractus  diagonalis.   These  brain 
areas  are  among  those  known  to  be  targets  for  testicular  and 
ovarian  hormones,  and  may  represent  sites  where  circulating 
gonadal  steroids  initiate  neuroendocrine  feedback  actions  through 
cholinergic  mediators  (Mr.  Muth  and  Dr.  Crowley) . 

An  investigation  of  the  effects  of  ovarian  hormones  on 
pituitary  levels  of  oxytocin  and  vasopressin  has  shown  that  rat 
pituitary  levels  of  oxytocin  are  elevated  by  a  single  injection 
of  estrogen.   This  treatment  does  not  affect  pituitary  levels 
of  vasopressin.   However,  a  second  injection  of  estrogen  or  an 
injection  of  progesterone  to  estrogen-pretreated  rats  raised 
vasopressin  levels.   Norepinephrine  levels  and  turnover  in  the 
paraventricular  nucleus  were  reduced  by  hormone  treatments  that 
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elevated  pituitary  vasopressin,  while  norepinephrine  in  the 
supraoptic  nucleus  did  not  change.   Transection  of  the  ascending 
ventral  noradrenergic  bundle  reduced  NE  levels  in  the  hypothala- 
mic nuclei  and  also  reduced  pituitary  vasopressin,  but  markedly 
elevated  pituitary  oxytocin.   These  findings  support  a  role  for 
posterior  pituitary  hormones  in  reproductive  processes  such  as 
fertilization.   Furthermore,  they  indicate  an  important  role  for 
noradrenergic  systems  in  the  control  of  posterior  pituitary 
hormones  and  the  possibility  that  a  noradrenergic  system  is  a 
substrate  for  ovarian-neurohypophyseal  interaction  (Drs.  Crowley, 
George  and  Mr.  O'Donohue). 

To  investigate  further  interactions  between  endocrine  and 
behavioral  parameters,  the  effects  of  suckling  on  catecholamine 
content  and  turnover  of  discrete  brain  regions  of  mother  rats 
have  been  examined.   Both  suckling  and  treatment  with  a-methyl- 
para tyrosine,  a  catecholamine  synthesis  blocker,  resulted  in  a 
marked  increased  in  serum  prolactin  levels.   Suckling  caused  a 
decrease  in  norepinephrine  concentration  and  turnover  in  the 
anterior  hypothalamic  nucleus.   The  ventromedial  nucleus  responded 
to  suckling  with  increases  in  levels  of  norepinephrine  and  dopa- 
mine, suggesting  that  the  anterior  hypothalamus  may  be  a  site 
for  circulating  prolactin  feedback  effects  (Mr.  O'Donohue,  Drs. 
Moyer,  Herrenkohl  and  Gala) . 

In  a  recent  study  of  obese  Zucker  rats  it  was  found  that, 
compared  to  non-obese  controls,  the  NE  concentration  was  differ- 
ent in  two  regions  (paraventricular  nucleus  and  median  eminence) . 
The  subjects  of  that  study  were  female  rats  of  approximately  four 
months  of  age.   The  present  experiment  attempts  to  extend  these 
original  observations  by  using  younger  male  rats.   Since  female 
Zucker  rats  are  abnormal  in  reproductive  function  the  abnormali- 
ties in  catecholamine  levels  might  be  related  to  changes  in 
gonadal  hormone  levels.   Therefore  a  group  of  castrated  animals 
of  the  same  age  was  included  for  comparison.   There  was  a  signifi- 
cant decrease  in  the  NE  concentration  of  the  paraventricular 
nucleus  of  both  the  obese  and  castrated  rats  compared  with  con- 
trols.  In  the  median  eminence,  NE  levels  were  significantly 
decreased  for  the  castrated  group.   The  above  observations,  and 
other  studies,  suggest  that  the  reproductive  impairment  of  obese 
rats  may  be  linked  to  gonadal  hormones,  to  the  paraventricular 
nucleus  and  to  gonadotropic  release  from  the  pituitary  gland 
(Drs.  Thoa  and  Cruce) . 

Administration  of  low  doses  of  a  copper-ATP  chelate  of 
L-DOPA  (Cu(II)-DOPA-ATP)  to  normal  rats  markedly  elevated  dopa- 
mine levels  in  the  caudate 'nucleus,  nucleus  acciambens  and 
olfactory  tubercle  when  compared  with  equimolar  doses  of  L-DOPA. 
In  reserpine  monoamine  oxidase  inhibitor  pretreated  rats  in  which 
dopamine  levels  were  depleted,  Cu(II) -DOPA-ATP  restored  dopamine 
levels  to  normal  while  DOPA,  in  the  dosage  used,  had  no  effect. 
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Both  DOPA  and  DOPA-chelate  decreased  copper  levels  in  the  brain     / 
nuclei.   These  results  suggest  that  metal  chelates  of  DOPA  enter 
the  brain  more  readily  than  DOPA  and  thus  may  be  useful  in  treat- 
ment of  neurological  diseases involving  dopamine  (e.g.,  Parkinson's 
Disease).   (Drs.  Rajan,  Crowley,  Colburn  and  Mr.  O'Donohue)* 

Section  on  Experimental  Therapeutics 
Michael  H.  Ebert,  M.D. 

The  Section  on  Experimental  Therapeutics  has  continued  to 
study  a  variety  of  neuropsychiatric  disorders  including  Huntington's 
chorea,  hyperactive  syndrome  of  childhood,  Gilles  de  la  Tourette's 
syndrome,  anorexia  nervosa,  orthostatic  hypotension  of  various 
etiologies,  and  tardive  dyskinesia,  and  has  conducted  several 
clinical  pharmacological  studies. 

In  collaboration  with  units  in  the  Office  of  the  Chief,  (Dr. 
Kopin  and  Mrs.  Gordon) ,  the  section  has  continued  to  pursue  a 
series  of  related  projects  on  clinical  approaches  to  the  measure- 
ment of  central  nervous  system  amine  metabolism.   The  rationale 
of  these  experiments  is  to  develop  more  accurate  and  quantitative 
clinical  techniques  which  can  be  used  multiple  times  without 
hazard  or  significant  discomfort  in  normal  controls  as  well  as 
patients.   Studies  involving  the  use  of  deuterium-labelled  homo- 
vanillic  acid  (HVA) ,  the  major  metabolite  of  dopamine,  to  document 
in  vivo  changes  in  dopamine  metabolism  have  been  explored  in  detail 
using  primates.   Rhesus  monkeys  were  infused  with  deuterated  HVA 
and  serial  samples  of  CSF,  blood,  and  urine  were  obtained  for 
analysis  of  endogenous  and  deuterated  HVA  by  gas  chromatography- 
mass  spectrometry.   Less  than  1%  of  HVA  in  CSF  is  derived  from 
blood.   Renal  metabolism  of  dopamine  is  not  a  significant  source 
of  urinary  HVA,   HVA  distributes  in  the  body  according  to  a  two- 
compartment  model,  with  a  3  half -life  of  approximately  45  minutes, 
corresponding  to  an  elimination  rate  constant  of  .032  min"l,  a 
volume  of  distribution  of  . 88  liter/kg,  and  a  renal  clearance  of 
50  ml/min.   These  results,  in  combination  with  ongoing  clinical 
experiments,  suggest  that  infusion  of  deuterated  HVA,  in  combina- 
tion with  probenecid  infusion,  appear  to  have  the  potential  of 
providing  a  practical  method  for  estimation  of  the  rate  of  produc- 
tion of  HVA  by  human  brain  (Drs.  Elchisak,  Polinsky,  Ebert  and 
Kopin) . 

Studies  relating  CSF  probenecid  levels  to  the  changes  in  acid  > 
metabolites  of  serotonin  (5HIAA)  and  dopamine  (HVA)  probenecid      ' 
tests  have  continued  (Drs.  Ebert,  Cowdry,  Goodwin  and  Lake).   A 
significant  positive  correlation  exists  throughout  the  range  of 
CSF  probenecid  levels  encountered  (10-45  yg/ml) .   The  contribution 
of  differences  in  probenecid  absorption  between  patients  under- 
going probenecid  tests  to  differences  in  observed  increments  in 
CSF  levels  of  HVA  should  be  accounted  for  by  an  analysis  of 
covariance.   Lithium-treated  patients  have  significantly  lower      i 


40 


CSF  probenecid  levels  than  do  subjects  not  treated  with  lithium. 
Probenecid  treatment  itself  (100  mg/kg)  increases  CSF  norepi- 
nephrine levels  (Dr.  Lake) . 

Pharmacological  studies  of  memory  function  in  Huntington's 
Chorea  and  in  normal  subjects  have  continued  this  year  (Drs. 
Caine,  Weingartner  and  Ebert) .   Parameters  of  memory  processing 
and  retrieval  in  Huntington's  Chorea  are  not  significantly 
changed  by  acute  administration  of  physostigmine,  haloperidol, 
or  amphetamine.   In  normal  subjects #facopola«ine  causes  a  marked, 
transient  memory  disorder  which  is  characterized  by  1)  failure 
to  distinguish  between  high  and  low  imagery  words;  2)  failure 
to  benefit  from  semantic  processing  of  words  (as  opposed  to 
acoustic  processing) ;  3)  inability  to  perform  selective  reminding 
tasks;  4)  delayed  serial  learning;  and  5)  difficulty  remembering 
simple  geometric  designs.   This  memory  impairment  appears  to  be 
similar  to  that  of  Huntington's  Chorea,  and  perhaps  of  Alzheimer's 
disease.   After  amphetamine,  normal  subjects  show  enhanced  recall, 
particularly  on  selective  remind. 

A  biochemical  genetic  protocol  in  Huntington's  Chorea  has 
been  initiated  with  Dr.  Carl  Merril  and  Dr.  John  Leavitt  (FDA) . 
Two-dimensional  polyacrylamide  gel  electrophoresis  is  a  new 
technique  that  can  resolve  several  thousand  proteins  in  a  bio- 
logical sample.   The  technique  is  being  applied  to  serum, 
cerebrospinal  fluid,  and  cultured  skin  fibroblasts  in  an  attempt 
to  identify  and  characterize  abnormal  proteins  in  Huntington's 
Chorea  and  in  relatives  at  risk  for  the  disorder. 

The  research  program  on  Gilles  de  la  Tourette's  syndrome 
has  now  evaluated  nearly  60  patients.   This  past  year  approxi- 
mately 15  patients  were  admitted  for  pharmacologic  trials.   A 
double  blind  study  of  clozapine,  a  non-neuroleptic  antipsychotic, 
showed  that  although  clozapine  was  pharmacologically  active 
(causing  significant  side  effects)  it  did  not  have  a  therapeutic 
action.   Chlorimipramine  and  desipramine  were  also  studied  as 
possible  treatments  for  Tourette's  syndrome  in  a  double  blind, 
crossover  design.   Neither  drug  was  found  to  be  efficacious. 
This  result  raises  doubts  regarding  the  role  of  serotonergic  and 
noradrenergic  mechanisms  in  the  pathophysiology  of  the  syndrome 
(Drs.  Caine,  Polinsky  and  Ebert). 

The  Tourette's  program  has  continued  to  collect  family  his- 
tory data.   At  this  point,  histories  of  over  2000  patients  and 
relatives  have  been  obtained.   Out  of  the  first  50  families, 
32  have  members  with  a  positive  history  for  motor  tics,  vocal 
tics,  or  Tourette's  syndrome.   This  study  is  particularly  signifi- 
cant as  the  sample  obtained  is  substantially  different  from 
previously  reported  populations  (Miss  Nee,  Drs,  Caine,  Ebert  and 
Dr.  Eldridge,  NINCDS) .   Linguistic  studies  have  continued  in 
collaboration  with  Dr.  Christy  Ludlow  with  an  aim  of  discerning 
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whether  the  apparent  language  impaiintient  found  in  many  patients 
is  transient  and  disappears  with  maturation,  or  whether  it  causes 
a  permanent  disability. 

Patients  with  various  types  of  orthostatic  hypotension  have 
been  admitted  for  studies  designed  to  elucidate  abnormalities  in 
control  of  the  sympathetic  nervous  system.  The  protocol  has 
three  phases:   diagnostic  evaluation;  examination  of  the  dose- 
response  relationships  during  infusions  of  norepinephrine  (NE) , 
tyramine,  and  angiotensin;  and  clinical  trials.   The  aim  of  the 
project  is  to  classify  orthostatic  hypotension  into  etiological 
categories  and  to  improve  or  expand  the  neuropharmacological 
treatment  of  these  patients.   The  current  evaluation  includes 
autonomic  testing  (e.g.,  Valsalva  maneuver,  hyperventilation, 
cold  pressor  and  sweat  test,  pupillary  responses) ,  measurements 
of  plasma  renin,  urinary  aldosterone  excretion  rate  after  salt 
restriction,  ^ ^Cr-labelling  of  red  cells  for  plasma  volume  and 
RBC  mass,  plasma  NE,  CSF  NE  and  amine  metabolites,  and  studies 
designed  to  distinguish  rates  of  central  and  peripheral  norepi- 
nephrine and  dopamine  formation  and  utilization.   Analysis  of 
plasma  NE  reveals  three  abnormal  response  patterns  in  patients 
with  different  types  of  orthostatic  hypotension.   In  normal  sxob- 
jects,  plasma  levels  of  norepinephrine  are  increased  by  about 
100%  on  standing.   In  patients  with  Shy-Drager  syndrome  (hypoten- 
sion with  signs  of  other  CNS  disease)  supine  levels  of  norepi- 
nephrine are  normal,  but  fail  to  increase  on  standing.   Other 
patients,  without  signs  of  CNS  disorder,  appear  to  have  a 
peripheral  sympathetic  disorder  with  low  levels  of  norepinephrine 
when  supine  and  minimal  increase  on  standing.   A  third  type  of 
orthostatic  hypotension  is  attended  by  tachycardia.   These 
patients  have  normal  levels  of  norepinephrine  while  supine  and 
excessive  increases  on  standing  (Drs.  Polinsky,  Lake,Ebert  and 
Kopin) . 

A  clinical  research  program  with  girls  and  young  women  suffer- 
ing from  primary  anorexia  nervosa  (PAN)  has  continued  this  year 
with  treatment  in  a  behavior  modification  program  (Drs.  Gross, 
Ebert,  Lake  and  Kopin).   A  double  blind  trial  of  lithium  carbonate 
in  comparison  with  placebo  is  nearing  completion.   Six  patients 
on  lithium  increased  their  percent  ideal  body  weight  13.3  +  1.4% 
versus  10.9  +  1.7%  for  8  patients  on  placebo.   A  preliminary  trial 
of  delta-9-tetrahydrocannabinol  (delta-9-THC)  in  a  double  blind 
crossover  design  with  diazepam  is  in  progress.   No  behavioral 
toxicity  of  delta-9-THC  has  been  encountered  in  these  patients. 
Plasma  levels  of  NE  and  urinary  excretion  of  HVA  and  MHPG  were 
studied  in  anorexia  nervosa  patients  before  and  after  significant 
weight  gain  and  compared  with  normal  females.   During  the  active 
phase  of  the  disease,  blood  pressure  and  pulse  were  lower  than 
those  of  normal  subjects,  and  increased  with  weight  gain.   When 
acutely  ill,  plasma  levels  of  NE,  and  urinary  excretion  of  MHPG 
and  HVA  were  significantly  lower  than  in  age-matched  controls. 
After  weight  gain,  these  parameters  increased  to  normal  levels. 
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The  results  suggest  that  abnormalities  in  catecholamine  metabo- 
lism in  PAN  are  secondary  to  changes  in  body  weight  (patients 
has  adequate  nutritional  intake  when  the  initial  studies  were 
performed) .   A  study  of  insulin  receptor  sites  (Dr.  Wachslicht 
and  Roth  (NIAID) ) ,  indicate  that  patients  with  PAN  have  an 
increase  in  insulin  binding  sites  on  both  RBC  and  WBC,  a  finding 
opposite  to  that  observed  in  obese  patients. 

Section  on  Medicine 
Irwin  J.  Kopin,  M.D. 

Catecholamines  in  plasma  are  derived  from  the  adrenal 
medulla  (mainly  epinephrine)  and  from  sympathetic  nerve  endings 
(norepinephrine) ,   Because  their  release  is  readily  provoked  by 
a  wide  variety  of  environmental  and  endogenous  stimuli  and 
because  they  are  so  rapidly  inactivated  by  metabolism  and  removal 
from  the  circulation,  plasma  levels  of  catecholamines  are 
extremely  labile.   Usually  they  are  maintained  at  relatively  low 
concentrations.   The  development  of  highly  sensitive  and  specific 
methods  for  measurement  of  the  catecholamines  and  their  metabolites 
in  blood  has  provided  a  valuable  approach  to  study  of  activation 
of  the  sympathetic  nervous  system  in  human  subjects  as  well  as  in 
experimental  animals.   A  number  of  separate  projects  utilize  these 
methods  for  assessing  control  of  release,  metabolism,  and  inacti- 
vation  of  the  sympathetic  neurotransmitter. 

Using  a  technique  developed  in  this  laboratory  (Drs.  Chiueh 
and  Kopin)  blood  samples  can  be  obtained  from  awake  rats  while 
undisturbed,  during  exposure  to  stresses,  or  after  administration 
of  drugs.   Blood  pressure,  pulse  rate,  and  behavior  can  be 
observed  and  blood  samples  obtained  at  appropriate  times.   Using 
this  technique  it  has  been  found  that  even  mild  environmental 
changes  (e.g.,  lifting  the  top  of  the  cage,  moving  the  cage  to 
another  room)  can  elicit  increases  in  plasma  levels  of  catechola- 
mines.  More  marked  stresses,  such  as  foot-shock,  produce  striking 
increases  in  the  catecholamine  levels,  anticipation  of  exposure 
to  foot  shock  also  increases  plasma  levels  of  the  amines  (Drs. 
McCarty,  Kvetnansky,  Sun,  Thoa  and  Chiueh) .   The  degree  of 
response  of  plasma  catecholamines  and  the  behavioral  responses 
appear  to  be  well  correlated  and  vary  together  among  different 
strains  of  rats  (Drs.  McCarty  and  Kopin).   Genetically  spontane- 
ously hypertensive  (SHR)  rats  are  the  most  reactive  to  foot  shock 
as  well  as  a  variety  of  other  stresses  such  as  forced  immobiliza- 
tion (Drs.  Kvetnansky,  Sun,  McCarty,  and  Thoa) .   The  normotensive 
Wistar  Kyoto  (WKY)  strain  from  which  the  SHR  animals  were  developed 
have  relatively  high  levels  of  sympatho-adrenal  responsivity  com- 
pared to  several  other  strains  of  rats.   Even  the  procedure  widely 
used  for  indirect  measurement  of  blood  pressure,  (which  required 
restraint  in  a  small  container)  elicits  greater  catecholamine 
responses  and  increases  in  blood  pressure  in  SHR  rats  (Drs.  Chiueh 
and  Kopin) .   The  relationship  of  hyperresponsivity  of  the 
sympathetic  nervous  system  in  such  animals  bears  a  resemblance 
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to  that  found  in  some  patients  with  Essential  Hypertension  (see 
below) . 

Drugs  may  alter  sympathoadrenal  medullary  activity  by  acting 
at  various  levels  in  the  central  nervous  system  to  activate  an 
attenuate  neuronal  activity.   Examination  of  the  effects  of  drugs 
and  their  interactions  provides  evidence  which  implicates  particu- 
lar neurotransmitters  in  the  central  control  of  autonomic  activity, 
while  by  alterations  of  sympathoadrenal  catecholamine  release 
stimulation  of  specific  brain  areas  or  brain  lesions  provide 
information  about  the  neuronal  pathways  involved. 

Direct  stimulation  of  various  areas  of  the  hypothalamus 
elicits  release  of  catecholamines  from  the  sympathetic  nerves  and 
adrenal  medulla  and  release  of  ACTH  from  the  pituitary;  ACTH 
enhances  secretion  of  corticosterone  from  the  adrenal  cortex 
(Drs.  Sun,  Thoa  and  Kopin) .   The  elicited  responses  are  dependent 
on  the  intensity  of  stimulation,  but  after  hypothalamic  stimula- 
tion more  epinephrine  than  norepinephrine  was  always  found  in  the 
plasma,  indicating  that  the  response  is  primarily  due  to  adrenal 
medullary  secretion. 

Both  adrenal  cortical  and  adrenal  medullary  responses  to  the 
stress  of  forced  immobilization  and  2-desoxyglucose  (2-DG)  appear 
to  involve  the  hypothalamus  since  severing  of  the  neuronal 
connections  of  the  medial  basal  hypothalamus  to  the  rest  of  the 
brain  attenuates  these  responses  (Drs.  Sun,  Thoa  and  Kopin) . 
Partial  deafferentation  of  the  hypothalamus  by  lateral  cuts 
diminishes  the  adrenal  cortical  responses.   Anterior  deafferenta- 
tion increases  slightly  the  corticosteroid  response  to  immobiliza- 
tion while  posterior  cuts  prevent  the  catecholamine  response  to 
immobilization  without  affecting  the  responses  to  2-DG.   Such 
experiments  aid  in  defining  the  neuronal  pathways  mediating 
responses  to  stress,  hypoglycemia,  etc.,  while  pharmacological 
studies  (in  progress)  aid  in  determining  the  neurotransmitters 
involved  in  the  responses. 

Cocaine,  which  inhibits  uptake  of  norepinephrine  at  nerve 
endings  and  causes  central  excitation,  produces  increases  in 
plasma  catecholamines  of  conscious  rats,  whereas  desmethyl 
imipramine,  which  is  equally  potent  as  an  inhibition  of  catechola- 
mine uptake  does  not.   The  cocaine-induced  increases  in  cate- 
cholamines are  only  partially  attenuated  by  bilateral  splanchni- 
cectomy  indicating  that  cocaine  has  a  direct  effect  on  the 
adrenal  medulla  as  well  as  an  indirect  effect  mediated  by  the 
central  nervous  system  (Drs.  Chiueh  and  Kopin) . 

Plasma  catecholamines  in  patients  with  hypertension  have 
been  found  to  be  normal  when    appropriate  age-matched  normo- 
tensive  siobjects  are  used  as  controls.   The  use  of  medical 
personnel  as  "normal"  volunteers  for  subjects  in  the  older  age 
groups  may  result  in  lower  values  for  "normal."   Studies  in 
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which  hypertensive  patients  have  been  foiond  to  have  high  plasma 
levels  of  norepinephrine  find  no  increase  with  age  while  our 
studies,  and  several  others,  find  a  correlation  with  age  and  the 
same  mean  and  variance  among  hypertensives  as  normals  selected 
from  blood  bank  volunteers,  etc. 

A  wide  range  of  collaborative  clinical  studies  are  in  prog- 
ress with  various  other  groups  of  investigators  in  the  NIMH  and 
in  other  of  the  Institutes  to  examine  plasma  catecholamines  in 
different  disease  states  or  after  administration  of  drugs  which 
are  thought  to  alter,  directly  or  indirectly,  sympathetic 
neuronal  activity  or  responsivity.   The  effects  of  bromocryptine 
(a  dopamine  agonist)  in  patients  with  Parkinson's  disease, 
torticollis,  or  the  "stiff  man  syndrome"  and  the  effects  of  pro- 
pranolol in  patients  with  tremor  (NINCDS)  or  hypertension  (Dr. 
Coleman)  on  plasma  norepinephrine  are  being  studied.   Other 
studies  are  being  done  in  patients  with  alcoholism  (Drs.  Major  and 
Murphy),  Huntington's  disease  (NINCDS  and  Dr.  Ebert) ,  Orthostatic 
Hypotension  (Drs.  Polinsky  and  Ebert) ,  Hyperthemnia  treatment  of 
cancer  (NCI)  salt-sensitive  hypertension  patients  (NHCI) ,  or 
Bartter's  Syndrome  before  and  after  treatment  with  indomethicin 
(NHLI)  . 

Catecholamines  are  important  neurotransmitters  in  the 
central  nervous  system.   The  interaction  of  cholinergic  and 
noradrenergic  neurones  with  dopaminergic  (DA)  neurones  in  the 
striatum  was  examined  by  studying  the  effects  of  clonidine  (an 
a-adrenergic  agonist)  and  X -propranolol  (a  3-adrenergic  antagon- 
ist) on  haloperidol  and  oxotremorine-induced  increases  in  homo- 
vanillic  acid  (HVA)  levels  (Drs.  Weinstock,  Zavadil  and  Kopin) . 
Haloperidol  increases  HVA  levels  (and  DA  turnover)  by  its  action 
on  DA  receptors,  while  oxotremorine  is  a  cholinergic  (muscarinic) 
agonist.   Both  clonidine  and  / -propranolol  blocked  increases  of 
HVA  in  the  striatiam  produced  by  oxotremorine,  but  not  those 
induced  by  haloperidol.   In  the  N.  acumbens,  clonidine  had  no 
effect  and  d-propranolol  was  as  effective  as  ^-propranolol  in 
blocking  the  oxotremorine-induced  increase  in  HVA.   These  results 
suggest  that  cholinergic  neurones  control  norepinephrine  modula- 
tion of  dopamine  in  the  striatum,  but  not  in  the  N.  acumbens. 

The  central  cholinergic  actions  of  oxotremorine  result  in 
activation  of  the  sympatho-adrenal  medullary  system  and  cause 
striking  increases  in  plasma  levels  of  catecholamines  as  well  as 
motor  activation  which  becomes  manifest  as  tremor.   Blockade  of 
B-receptors  markedly  reduces  the  tremor  without  preventing  the 
rise  in  plasma  catecholamines.   Chemical  sympathectomy  (with 
6-hydroxydopamine)  or  adrenal  demedullation  also  diminishes  the 
tremor,  but  not  as  effectively  as  propranolol.   These  results 
show  that  the  release  of  peripheral  catecholamines  enhances  the 
tremor  produced  by  CNS  activation  of  motor  neurones  and  may  pro- 
vide an  explanation  of  the  tremor  attending  fear  responses  (Drs. 
Weinstock,  Zavadil,  Rosin,  Chiueh  and  Kopin) .   These  observations 
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and  the  finding  that  pharmacological  interference  with  release  of 
norepinephrine  from  sympathetic  neurones  in  the  peripheral  tissues 
diminishes  the  behavioral  responses,  to  footshock  (Dr.  McCarty) 
suggest  that  there  are  mechanisms  for  plasma  catecholamines  to 
influence  brain  and  motor  activity. 

Studies  of  mechanisms  controlling  release  of  norepinephrine 
from  nerve  endings  have  been  continued  using  the  axonal  sprouts 
which  grow  from  cultured  sympathetic  ganglia.  After  preincubation 
with  ^H-norepinephrine  (^HNE)  the  amine  taken  up  in  the  axonal 
sprouts  can  be  released  by  electrical  field  stimulation.   The 
^HNE  is  partially  metabolized  to  deaminated  catechols.   The 
release  is  calcium  dependent,  is  enhanced  by  a-adrenergic 
antagonists  and  diminished  by  a-agonists.   Direct  demonstration 
of  a-adrenergic  receptors  in  this  preparation  has  been  demonstra- 
ted (Drs.  Thoa  and  Kopin)  bu^'many  of  the  a-receptors  appear  to 
be  present  on  the  cholinergic  nerve  endings  of  presynaptic 
fibers . 

Immunohistological  methods  are  being  used  to  localize  pre- 
cisely/ in  neuronal  tracts  of  adult  brain  and  during  brain 
maturation,  enzymes  which  are  characteristic,  and  thus  markers, 
for  particular  types  of  cells  (Dr.  Schmechel) .   Two  types  of 
enolase  have  been  found  in  brain  (Drs.  Schmechel,  Marangos  and 
Brightman)  -  one  specific  for  neurones  and  the  other  for  non- 
neuronal  cells  (glia,  peripheral  cells  such  as  liver,  kidney, 
etc. ) .   During  development,  the  neuronal  specific  enolase  (NSE) 
is  not  seen  in  neurone  generating  cells  of  the  cerebellum  nor 
in  the  immature  migrating  neurones.   Only  after  neurone  njaturation 
in  their  final  locations  do  granule  cells  switch  from  producing 
the  non-neuronal  enolase  (NNE)  to  formation  of  significant  amounts 
of  neurone  specific  enolase  (NSE) .   NSE  is  found  in  certain  pep- 
tide secreting  cells  located  in  peripheral  tissues,  suggesting 
the  neuronal  origin  of  these  cells  (Drs.  Schmechel  and  Marangos). 

Techniques  for  identifying  and  purifying  specific  enzymes 
using  enzyme  inhibitors  combined  with  two-dimensional  electro- 
phoresis are  being  developed  (Drs.  Schmechel  and  Oertel)  and  will 
be  applied  to  forming  antibodies  and  localizing  the  enzymes  in 
brain  tracts.   Glutamic  acid  decarboxylase  (GAD)  has  been  highly 
purified  and  antibodies  to  this  GABA-forming  enzyme  are  being 
used  to  localize  GAD  in  brain  and  spinal  cord. 

Office  of  the  Chief 
Irwin  J.  Kopin,  M.D, 

The  two  units  in  the  Office  of  the  Chief  are  charged  with 
development  of  methods  with  which  to  attack  clinically  relevant 
problems  relating  to  metabolism  of  drugs  and  neurotransmitters. 
This  involves  organic  synthetic  methods  as  well  as  exploration 
of  various  means  for  separation,  purification  and  quantification 
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of  drugs  and  endogenous  compounds  as  well  as  their  metabolites. 
Independent  research  on  advancing  appropriate  technology,  as 
well  as  collaborative  efforts  and  biochemical  support  or  clinical 
investigations  are  important  components  of  the  work  performed  in 
these  units. 

Dr.  Sanford  Markey  has  continued  the  development  of  negative 
chemical  ionization  mass  spectrometry  as  a  high  sensitive  and 
specific  method  for  quantification  of  electron-capturing  com- 
pounds.  Using  melatonin  as  a  model  compound,  one  part  per 
trillion  (pg/ml)  sensitivity  has  been  realized,  which  represents 
the  most  sensitive  available  physico-chemical  analytical  pro- 
cedure for  any  endogenous  compound.   Plasma  levels  of  melatonin 
in  normal  humans  and  its  diurnal  variations  are  being  determined 
(Drs.  Markey  and  Lewy) .   Future  clinical  studies  are  planned 
using  this  assay  to  determine  the  effect  of  mood,  stress,  sleep, 
and  various  drugs  (3-adrenergic  agonists  and  antagonists)  upon 
melatonin  levels. 

Negative  ionization  methods  have  also  been  developed  for  an 
assay  of  other  endogenous  indole  alkylamines,  serotonin  and  N" 
acetylserotonin.   This  highly  sensitive  and  specific  procedure 
is  being  applied  to  development  of  assays  for  metabolites  of 
catecholamines  in  plasma  and  tissues. 

Pharmacokinetic  studies  using  GC-MS  for  assay  of  drug  levels 
in  plasma  are  being  carried  out  in  collaborative  studies  in  which 
tricyclic  antidepressant  levels  and  metabolism  are  related  to 
clinical  efficacy  (Dr.  Zavadil,  FDA)  and  in  studies  of  cocaine 
addiction  (Dr.  Hawks,  NIDA) . 

The  Unit  on  Clinical  Biochemistry,  under  the  leadership  of 
Mrs.  Edna  Gordon,  develops  and  applies  new  procedures  for  the 
quantitative  analysis  of  biogenic  amines  and  their  metabolites 
in  human  and  animal  tissues,  cerebrospinal  fluid,  blood  and  urine. 
These  assays  require  use  of  several  techniques,   but  most  often 
stable  isotopes  are  used  in  combination  with  gas  chromatography- 
mass  spectrometry  (GC-MS)  for  final  measurement.   The  GC-MS  pro- 
vides the  high  specificity  and  sensitivity  needed  for  assay  of 
metabolites  in  cerebrospinal  fluid  (CSF)  and  plasma.   Preliminary 
separations  are  required  and  ion  exchange  chromatography,  thin 
layer  chromatography  and  high  pressure  liquid  chromatography  are 
in  routine  use  for  appropriate  procedures. 

At  present  three  main  projects  are  in  progress.   1)  Studies 
of  turnover  of  norepinephrine  in  the  human  central  nervous  system 
after  ^  "^C  dopamine  infusion  (Drs.  Kopin  and  Ebert)  are  being 
continued.   Methods  for  separation  of  metabolites,  preparations 
of  internal  standards  and  quantification  of  final  products  have 
been  completed  (Mrs.  Gordon,  Messrs.  Sherman,  Oliver  and  Dr. 
Blombery) .   Urine  of  normal  subjects  and  patients  with 
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abnormalities  of  norepinephrine  metabolism  or  physiology  are 
being  analyzed.   2}  Levels  and  turnover  of  the  deaminated  metabo- 
lites of  norepinephrine,  DHPG,  MHPG  and  VHk,   in  blood  plasma  and 
urine  can  be  determined  (Dr.  Blombery) .   Oeuterated  standards 
have  been  prepared  (with  Dr.  Markey)  and  methods  have  been 
developed  to  separate  and  analyze  these  compounds.   Studies 
have  been  done  in  monkeys  in  preparation  for  work  with  normal 
volunteers  and  patients.   3)  Methods  are  being  developed  for  the 
assay  of  norepinephrine,  epinephrine,  normetanephrine  and  meta- 
nephrine  in  human  plasma  and  urine  (Mrs.  Gordon,  Dr.  Blombery  and 
Mr.  Oliver) .  Acetylated  derivatives  of  these  compounds  have  been 
prepared  and  measured  by  chemical  ionization  mass  spectrometry. 
High  pressure  liquid  chromatography  will  be  used  to  separate  and 
purify  these  compounds  from  plasma  and  urine  for  assay  by  GC-MS. 
These  analyses  will  be  used  to  extend  studies  of  norepinephrine 
turnover  in  the  central  and  peripheral  nervous  systems. 
Deuterated  methionine  will  be  given  to  animals  and  humans  to 
measure  methylation  of  the  catecholamines  as  well  as  N-methylation 
of  norepinephrine  to  epinephrine. 

In  addition,  work  with  investigators  outside  LCS  has  con- 
tinued. 

In  a  collaborative  study  with  the  NINCDS  (Drs.  Calne  and 
Teychenne)  perfusion  fluids  from  rabbits  given  bicuculline  and 
perfused  with  solutions  of  GABA  have  been  analyzed  (Mr.  Sherman 
and  Mrs.  Gordon)  for  the  serotonin  metabolite,  5H1AA,  the 
norepinephrine  metabolite,  MHPG,  and  the  dopamine  metabolite, 
HVA.   Results  are  being  analyzed  for  correlations  of  metabolites 
levels  and  reaction  to  the  drugs. 

With  Drs.  Goodwin,  Post  and  Bunney  (CPB  and  BPB)  Mr.  Sherman 
and  Mrs.  Gordon  are  comparing  the  amounts  of  5H1AA,  HVA,  and 
MHPG  in  cerebrospinal  fluids  of  a  group  of  normal  controls  and 
a  group  of  drug-free  depressed  patients.   In  addition,  aliquiots 
of  pooled  CSF  will  be  analyzed  at  intervals  over  a  period  of 
months  to  check  for  consistency  of  results  and  for  length  of 
time  that  CSF  can  be  stored. 
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Annual  Report  of  the  Laboratory  of  Developmental  Psychology 
National  Institute  of  Mental  Health 
October  1,  1977  -  September  30,  1978 

The  program  emphasis  in  the  Laboratory  of  Developmental  Psychology  is  on 
the  social  and  affective  dimensions  of  child  development  and  behavior.   Several 
considerations  underlie  this  choice  of  direction:   (a)  The  state  of  knowledge 
and  methodology  in  the  science  is  such  that  "problems  in  social  and  emotional 
development  can  now  be  fruitfully  investigated.   (b)  The  fund  of  research  in- 
formation on  normal  social  and  affective  developmental  processes  as  well  as 
psychopathological  processes  is  not  extensive.   (c)   The  social  and  emotional 
incompetencies  of  children  present  mental  health  problems  that  are  widespread, 
persistent,  and  resistant  to  change.   Understanding  of  children's  social  and 
emotional  functioning  often  requires  attention  to  cognitive  and  learning 
processes  as  well  as  to  children's  physical  status  and  physiological  proc- 
sses.   In  much  of  the  research,  therefore,  issues  of  relations  between  congi- 
tive  and  social-emotional  variables,  or  between  biological  and  behavioral 
variables  are  addressed. 

Conditions  of  Biological  and  Psychological  Pathology 

A  considerable  portion  of  the  research  of  the  Laboratory  this  year  is 
concerned  with  pathological  conditions  in  children.   The  program  includes  in- 
vestigations of  the  consequences  for  children's  social  and  cognitive  function- 
ing of  a  history  of  chronic  undernutrition,  of  premature  or  postmature  birth, 
of  physical  handicap,  hormonal  abnormalities,  and  of  serious  illness.   A  part 
of  the  program  is  devoted  to  methodological  and  evaluation  research  that  has 
application  to  the  understanding  and  treatment  of  child  psychopathology.   The 
specific  projects  are  summarized: 

Dr.  David  Barrett  and  Dr.  Marian  Yarrow  are  engaged  in  a  study  of  the 
consequences  for  the  later  functional  competence  of  children  who  experienced 
moderate  undernutrition  in  the  prenatal  period  and  in  the  early  years.   Past 
research  has  provided  suggestive  evidence  linking  earlier  nutritional  deficits 
with  psychological  deficits.   There  are  limitations  in  the  earlier  research, 
however,  due  to  the  use  of  gross  criteria  of  nutritional  status,  failure  to 
disentangle  the  influences  of  malnutrition  from  other  related  conditions,  and 
concentration  on  sensori-motor  and  cognitive  measures  with  neglect  of  assess- 
ments of  adaptive  and  maladaptive  social  functioning.   In  the  present  study  an 
attempt  is  made  to  overcome  some  of-  these  short-comings.   Children,  six  to  ten 
years  of  age,  in  two  different  geographical  locations,  are  classified  on 
nutritional  status  in  tei-ms  of  their  history  and  current  conditon,  using  criteria 
of  nutritional  intake,  medical  data,  and  anthropometric  measurements.   In 
individual  tests  and  in  experimental  group  situations,  assessments  are  made  of 
attentional,  sensori-motor,  cognitive,  emotional,  and  social  functioning. 
Piloting  of  procedures  is  nearing  completion,  and  field  sites  have  been 
determined. 
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Medical  technology  has  made  it  possible  for  infants  born  as  early  as  28 
weeks  or  as  late  as  50  weeks  of  gestation  to  survive.   The  psychological  conse- 
quences of  too  short  or  too  long  gestation  are  not  fully  understood,  although 
evidence  from  childhood  indicates  that  children  not  bom  at  term  are  at  greater 
than  average  risk  for  Intellective  and  behavioral  deficits.   In  research  being 
carried  out  by  Dr.  Sarah  Friedman,  sensori-cognitive  and  temperament  compari- 
sons of  full-term,  preterm,  and  post-term  infants  are  made.   Information  pro- 
cessing in  tactile,  auditory,  and  visual  modalities  is  evaluated  using  the  ha- 
bituation paradigm  (i.e.,  observing  the  infant's  attention  to  a  repeated  stim- 
ulus and  to  novelty  to  see  if  change  in  stimulus  is  detected).   Since  the 
modalities  being  studied  develop  at  different  times  pre-  and  postnatally,  birth 
not  at  term  may  be  expected  to  affect  them  differently.   This  data  gathering 
is  in  progress. 

In  another  study  of  prematures.  Dr.  Albert  Caron  using  habituation 
procedures  focuses  on  full-term  and  preterm  infants'  abilities  to  abstract 
relational  information.   It  is  hypothesized  that  vulnerability  to  future  mental 
deficit  will  manifest  itself  early  in  life  as  a  difficulty  in  abstracting  com- 
mon patterns  from  otherwise  varying  stimuli.   This  is  one  of  a  number  of  studies 
concerned  with  early  detection  of  differences  and  with  prediction  from  informa- 
ti6n  processing  in  infancy  to  cognitive  fimctioning  in  childhood.   In  a  study 
in  which  rate  of  habituation  obtained  at  four  and  five  months  of  age  and  scores 
on  the  Stanford-Binet  Intelligence  Scale  at  four  to  seven  years  were  compared. 
Dr.  Caron  found  no  relations  between  the  two  sets  of  measures  in  a  normal  group 
of  children. 

The  educational  policy  of  "mainstreaming"  in  which  children  with  physical 
handicaps  are  integrated  into  regular  classrooms  brings  to  the  fore  psychologi- 
cal issues  concerning  young  children's  concepts  and  attitudes  in  dealing  with 
physically  handicapping  conditions.   These  issues  are  investigated  in  a   pilot 
study  by  Dr.  Karabelle  Pizzigati  in  which  she  is  assessing  two  approaches  to 
developing  in  children  positive  orientations  toward  each  other. 

The  impact  of  serious  illness  on  the  child's  social  and  emotional  behav- 
ior is  the  focus  of  investigations  by  Dr.  Elizabeth  Susman,  Dr.  Albert 
Hollenbeck,  and  Dr.  Howard  Moss.   Their  research  is  carried  out  with  the  col- 
laboration of  the  Pediatric  Oncology  Branch  of  the  National  Cancer  Institute 
and  Children's  Hospital  of  Los  Angeles.   In  the  studies  by  Drs.  Susman  and 
Hollenbeck,  (a)  the  child's  and  parents'  assimilation  and  understanding  of  the 
child's  illness  (cancer),  and  (b)  the  cumulative  psychological  effects  of 
Laminar  Air  Flow  treatment  (isolation  in  a  protective  germ-free  environment) 
are  examined.   Among  their  early  findings,  these  investigators  report  that 
children  of  all  ages  place  a  high  degree  of  hope  in  the  remission- inducing 
potential  of  chemotherapy.   Their  orientation  is  toward  pursuing  age-appropriate 
activities  and  engaging  in  social  relationships  with  peers.   Interactions  be- 
tween child  and  caregiver  change  as  the  child  approaches  death.   Mothers  tend 
to  initiate  fewer  behaviors  toward  the  child  even  though  the  child  may  continue 
initiations  at  the  same  rate.   Observational  data  obtained  on  children  during 
Laminar  Flow  treatment  show  a  sequence  of  agitation  followed  by  depression. 
There  is  a  drop  in  body  temperature  in  the  first  twenty-four  hours.   These 
psychological  and  physiological  findings  parallel  those  reported  for  infant 
monkeys  following  separation  from  the  mother. 
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Dr.  Howard  Moss  is  Investigating  possible  cognitive  changes  resulting 
from  cranial  irradiation  treatment  (aimed  at  destroying  leukemic  cells  that  may 
have  entered  the  brain)  and  intrathecal  injections  of  chemical  agents.   The 
children  have  been  in  remission  from  acute  l3nnphocytic  leukemia  for  two  to  five 
years.   Cognitive  and  perceptual  motor  tests  are  administered  to  the  children 
and  their  healthy  siblings,  who  serve  as  a  comparison  group.   There  are  signif- 
icant differences  between  the  patients  and  their  siblings,  with  higher  levels  of 
functioning  in  the  sibling  group.   Tests  will  be  readminis tared  after  a  year  to 
evaluate  possible  progressive  declines.   A  prospective  study  of  children  with 
lymphocytic  leukemia  is  also  in  progress  in  which  psychological  evaluations 
are  made  before  CNS  treatment  and  again  one  year  after  treatment. 

In  the  area  of  child  psychopathology ,  Dr.  Achenbach  and  Dr.  Edelbrock 
have  continued  their  programmatic  work  on  the  development  of  standardized 
descriptions  of  children's  behavior  problems  and  competencies.   By  factor 
analyzing  data  from  a  checklist,  which  is  completed  by  parents  to  describe  their 
children's  behavior  problems,  behavior  profiles  have  been  constructed  for  dif- 
ferent age  and  sex  groups.   Eight  reliable  behavior  problem  syndromes  have  been 
identified  for  girls  aged  12  -  16,  and  nine  syndromes  each  have  been  identified 
for  boys  aged  6-11,  boys  12  -  16,  and  girls  6-11.   A  survey  of  1400  parents 
of  normal  children  has  been  completed  to  develop  nonclinical  norms  for  these 
syndromes.   Agreement  among  parents,  teachers,  and  clinicians  in  describing 
children's  behavior  is  being  investigated,  and  cluster  analysis  is  being  used 
to  identify  groups  of  children  having  similar  patterns  of  scores  on  the  profiles. 
Follow-up  studies  of  children  receiving  mental  health  services  have  revealed 
that  children  with  certain  profile  patterns  are  benefiting  from  the  services 
they  receive,  while  others  manifesting  different  profile  patterns  show  little 
or  no  improvement,  regardless  of  the  extent  of  treatment.   Current  research 
also  includes  systematic  evaluation  of  the  effectiveness  of  child  therapies  for 
children  differing  in  initial  profile  patterns.  ' 

These  investigators  are  also  obtaining  Behavior  Checklists  and  measures 
of  cognitive  functioning  on  children  who  have  thyroid  and  sex  hormone  abnormal- 
ities to  determine  whether  hormonal  levels  affect  patterns  of  cognitive  charac- 
teristics and  social  functioning.   Preliminary  findings  indicate  some  differences 
in  cognitive  patterning  between  children  with  thyroid  abnormalities  and  their 
normal  controls. 

Family  Influences  on  Child  Development 

Research  on  the  influences  of  familial  variables  on  child  development, 
a  long  time  topic  of  study  in  developmental  psychology,  has  benefited  in  recent 
years  from  renewed  research  interest  which  has  been  stimulated  by  conceptual 
and  methodological  advances  in  the  discipline.   There  is  a  substantial  commit- 
ment by  the  Laboratory  to  research  in  this  general  area. 

In  the  area  of  children's  emotional  development.  Dr.  Carolyn  Waxier  and 
Dr.  Marian  Yarrow  have  continued  their  programmatic  research,  a  part  of  which 
is  the  investigation  of  how  socialization  experiences  influence  childrens ' 
responsiveness  to  human  emotions.   A  method  was  developed  for  obtaining  other- 
wise inaccessible  data  on  children's  and  mothers'  behavior:   Mothers  were 
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trained  in  observing  and  reporting  incidents  of  emotional  distress  in  the 
immediate  environment  of  the  child.   This  method  was  combined  with  semi-        A^ 
standard  situations  of  emotional  expression  and  with  systematic  observations  by  ^- 
the  investigators.  The  first  study  involved  children  1  to  Ih.   years  old.   Present 
data  collection  also  includes  5  to  6  and  9  to  10  year  olds.   Maternal  behaviors 
when  their  children's  actions  have  caused  emotional  distress  to  someone  are 
predictive  of  iJg  to  2%  year  old  children's  reparative  acts  toward  the  persons 
whom  they  have  harmed,  and  also  of  their  altruistic  acts  when  they  are  bystanders 
to  someone's  distress. 

I 

The  prototype  of  the  mother  whose  child  is  most  likely  to  repair  trans- 
gressions and  to  be  altruistic  is  one  whose  communications  when  her  child  trans- 
gresses are  of  high  intensity  and  clarity  both  cognitively  and  affectively. 
The  mother's  demands  are  powerfully  asserted  in  a  close  one-to-one  relationship 
in  the  disciplinary  encounter.   These  techniques  exist  side  by  side  with  empathic 
caregiving.  Mother's  nurturance  may  be  an  important  condition  for  the  effec- 
tiveness of  the  induction  and  power.   Physical  restraint  and  punishment  are  not 
associated  with  children's  responses.   Analyses  to  date  have  emphasized  the 
mother's  influence  on  the  child;  the  child's  effects  on  the  mother  are  also 
being  investigated. 

A  follow-up  study  of  the  Ih   to  2%  year  olds,  now  6  years  old,  is  being 
carried  out  to  reexamine  maternal  behavior-child  behavior  associations  and  to 
assess  the  degree  of  continuity  between  early  and  later  patterns  of  children's 
responding  to  emotions. 
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Children  who  are  subjected  to  extremely  stressful  familial  situations 
are  the  focus  of  a  continuing  study  by  Dr.  Velma  LaPoint  and  Dr.  Marian  Yarrow. 
These  are  children  whose  mothers  have  engaged  in  criminal  activities  and  are 
imprisoned.   The  research  purpose  is  to  understand  the  effects  of  the  social 
and  psychological  pathologies  of  these  mothers  and  their  Incarceration  on  the 
children.   Mother-child  relationships, children's  adaptive  and  maladaptive  be- 
haviors, and  special  problems  of  identity  and  security  confronting  these 
children  are  investigated.   Three  groups  of  families,  defined  by  the  mothers' 
status,  are  compared:  incarcerated  mothers,  mothers  on  probation,  and  mothers 
living  in  the  community  and  without  involvement  with  the  criminal  justice 
system.   All  families  are  single-parented;  all  are  Black,  low- income,  and  urban. 
At  intervals,  mothers  and  children  are  observed  together  in  quasi-experimental 
situations.   Imprisoned  mothers  are  observed  in  discussion  groups  involving 
their  roles  as  mothers.   Data  on  the  children  are  obtained  in  social  experimen- 
tal situations  of  interaction  with  peers  and  adult  authority  figures,  and  from 
school  records.   Data  collection  is  in  progress.   The  findings  from  this  re- 
search will  be  informative  regarding  the  kinds  of  support  needed  for  these 
children  and  will  provide  information  about  children's  means  of  coping  with 
severely  stressful  life  circumstances.  J|^- 

In  an  investigation  by  Dr.  Jacob  Gewirtz  and  Dr.  Albert  Hollenbeck,  the 
objective  is  to  investigate  the  effects  of  various  conditions  of  contact  between 
mother  and  child  in  the  first  post-par tum  hour,  also  of  various  conditions  of 
contact  between  father  and  child  (Caesarean-delivered  babies)  in  the  first  post- 
partum hours,  on  the  quality  and  quantity  of  subsequent  parent-child  interaction, m 
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the  development  of  attachment  to  Infant,  and  infant  behavioral  development. 
Data  collection  Is  nearlng  completion. 

Drs.  Gewirtz  and  Hollenbeck,  in  several  interrelated  designs  are  also 
investigating  the  role  of  the  infant  in  influencing  the  caregiver's  behavior  in 
interaction  with  the  infant.   In  one  condition,  adults  are  instructed  to  act 
nurturantly.   From  observations  of  adults  responding  to  this  instructional  set, 
the  investigators  hope  to  develop  a  taxonomy  of  the  behaviors  involved  in 
nurturance  with  boy  and  girl  infants.   In  other  quasi-standard  situations,  a 
characteristic  (such  as  "active"  or  "happy")  is  attributed  to  the  infant  by  the 
investigator.   The  aim  here  is  to  examine  how  adult-infant  interaction  can  be 
influenced  by  an  attribution.   Data  collection  is  underway. 

Much  of  the  research  of  the  Laboratory  is  carried  out  "in  the  field"  — 
in  hospitals,  mental  health  clinics,  prison,  schools,  homes.   On-site  labora- 
tory investigations  are  also  conducted.   The  latter  research  operations  will 
be  facilitated  by  the  addition  of  the  new  research  rooms  being  built  adjacent 
to  the  main  Laboratory  building. 

The  Laboratory  has  a  highly  skilled  and  experienced  support  staff  with 
diverse  kinds  of  expertise  In  the  technology  of  research.   This  staff  contrib- 
utes heavily  In  the  implementation  of  research. 

As  in  previous  years,  the  scientists  in  the  Laboratory  serve  frequently 
on  committees  In  the  ADAMHA  and  NIH-NIMH  communities.   They  are  well  represented 
in  the  activities  of  the  scientific  discipline,  serving  on  committees  of  the 
American  Psychological  Association,  the  Society  for  Research  In  Child  Develop- 
ment, and  Social  Science  Research  Council,  and  as  editors  and  consultant  editors 
of  major  journals  and  publications. 

In  this  year,  as  in  other  years,  the  emphasis  in  this  summary  has  been 
on  which  projects  have  been  undertaken,  what  increments  to  knowledge  have  been 
achieved  within  the  year.   This  is  a  necessary  and  helpful  inventory  of  one 
year;  it  cannot  be  a  sufficient  summary  and  evaluation  of  the  scientific 
contributions  of  the  research  of  the  Laboratory. 

How  then  does  one  know  the  impact  or  potential  of  a  given  project  or 
program  for  basic  knowledge  of  child  development  as  well  as  for  application 
to  critical  problems  of  children?   In  order  to  address  these  questions  it  is 
necessary  to  review  the  research  of  the  Laboratory  from  a  broader  and  longer 
perspective  than  a  one-year  accounting  of  person-hours.   In  next  year's  review, 
we  will  abbreviate  the  itemization  in  research  accounting  and  will  attempt  to 
review  and  Interpret  the  Laboratory's  work  in  these  broader  terms. 
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Annual  Report  of  the  Laboratory  on  Neuropsychology 
National  Institute  of  Mental  Health 
H.  Enger  Rosvold,  Ph.D.,  Chief 
October  1,  1977  to  September  30,  1978 

This  year's  annual  report  reflects  considerable  broadening  of  the 
methodological  approaches  which  have  characterized  the  research  in  past  years. 
With  the  organizational  change  from  Section  to  Laboratory  a  year  ago  areas 
of  interest  of  each  senior  investigator  were  more  easily  identified  and  their 
specific  needs  recognized.   It  soon  became  evident  that  provision  should  be 
made  for  major  efforts  in  neuroanatomy,  neuropharmacology,  neuroendocrinology, 
and  electrophysiology  if  emerging  questions  in  neuropsychology  were  to  be 
answered  adequately.   Accordingly,  collaborative  efforts  with  other  organiza- 
tional units  were  increased,  and  as  well,  some  of  our  own  programs  redirected. 
The  result  has  been  a  more  comprehensive  and  elucidating  product  than  might 
otherwise  have  been  the  case.   It  is  also  evident,  however,  that  depending 
so  much  on  non-permanent  and  supplementary  staff,  as  has  been  the  case,  fails 
to  provide  for  the  continuity  vital  to  the  long-term  studies  characteristic 
of  our  research. 

Cerebral  Mechanisms  in  Visual  Perception  and  Memory 

In  a  series  of  collaborative  studies  with  Gross  at  Princeton,  we  delin- 
eated the  functional  pathway  through  which  inferior  temporal  (IT)  neurons 
receive  their  visual  information.   The  method  entailed  measuring  the  defects 
in  the  visual  receptive  fields  of  single  IT  neurons  after  selective  cerebral 
lesions  or  commissural  transections.   As  we  had  predicted  from  our  earlier 
ablation  studies,  the  subcortical  pathway  from  superior  colliculus  through 
pulvinar  to  IT  cortex  turned  out  to  be  unimportant  for  the  receptive  field 
properties  of  IT  neurons.   By  contrast,  the  cortical  pathway  from  striate 
through  prestriate  to  IT  cortex  proved  to  be  essential,  since  interruption 
of  this  pathway  by  a  unilateral  striate  removal  or  by  section  of  the  fore- 
brain  commissures  eliminated  the  corresponding  visual  input  to  IT  cells. 

We  have.now  demonstrated  this  functional  pathway  autoradiographically 
using  the  I   Cj  2-deoxyglucose  method  developed  at  NIMH  by  Sokoloff  and  his 
group.   In  collaboration  with  Kennedy  in  Sokoloff 's  laboratory  we  have  found 
by  comparing  a  blinded  and  a  seeing  hemisphere  in  the  same  monkey  that  the 
visual  system  can  be  clearly  traced  from  the  striate  through  the  prestriate 
to  the  inferior  temporal  cortex  on  the  basis  of  differential  hemispheric 
uptake  of  the  2-deoxyglucose  during  visual  stimulation.   The  studies  were 
carried  out  in  awake  monkeys  presented  with  visual  patterns  either  in  a 
rotating  drum  or  in  a  discrimination  apparatus.   In  the  latter  case,  the 
animal  performed  the  discrimination  for  water  reward  using  the  hand  opposite 
the  blind  hemisphere.   In  both  situations  reduced  glucose  utilization  in  the 
blind  as  compared  with  the  seeing  hemisphere  was  seen  cortically  not  only  in 
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the  geniculostriate  projection  but  throughout  the  entire  expanse  of  circum- 
striate  and  inferior  temporal  cortex  as  far  forward  as  the  temporal  pole. 
The  functionally  depressed  zone  included  tissue  adjacent  to  the  inferior 
temporal  cortex  in  the  upper  bank  of  the  superior  temporal  sulcus  and  in  the 
fusiform  and  perirhinal  areas.   (Side-to-side  differences  were  also  seen 
subcortically  in  the  temporal  lobe  as  well  as  in  collicular,  pulvinar  and 
parietal  regions;  these  additional  findings  are  relevant  to  later  sections 
of  this  review. ) 

The  results  strongly  support  the  view  that  the  visual  discrimination 
functions  of  IT  cortex  depend  on  the  information  it  receives  from  the  striate 
cortex  via  a  relay  in  the  prestriate.   Yet  there  is  still  considerable  dispute 
concerning  this  proposed  relay,  since  even  massive  prestriate  lesions  may 
leave  visual  discrimination  relatively  unimpaired.   To  resolve  this  apparent 
discrepancy  we  are  attempting  to  delineate  by  neuroanatomical  techniques  the 
entire  striate-receptive  area  within  the  prestriate  cortex  as  a  preliminary 
to  removing  it  in  a  "disconnection"  experiments   Our  first  study  uncovered  a 
complete,  topographically  organized  representation  of  the  visual  field  within 
the  banks  and  depths  of  the  preoccipital  portion  of  the  superior  temporal 
sulcus.   The  finding  is  important  because  it  has  revealed  that  the  depths  of 
the  superior  temporal  sulcus,  not  previously  considered  to  be  a  part  of  the 
prestriate  region  and  therefore  never  removed  in  any  of  the  disconnection 
experiments,  in  fact  receives  a  heavy  input  from  that  part  of  striate  cortex 
representing  parafoveal  and  peripheral  vision.   Further  studies  are  underway, 
using  both  axonal  degenerative  and  transport  methods,  to  search  for  yet  other 
unsuspected  striate-receptive  zones  so  that  when  we  undertake  the  disconnec- 
tion experiments  again  we  will  know  all  the  possible  prestriate  routes  through 
which  striate  information  might  reach  inferior  temporal  cortex.   In  related 
experiments  we  are  trying  to  determine  whether  even  small  prestriate  lesions 
might  "disconnect"  IT  cortex  from  corresponding  parts  of  visual  field  by 
testing  visual  discriminations  confined  to  those  fields  in  monkeys  that  have 
been  trained  to  maintain  fixation.   To  monitor  this  fixation  accurately,  we 
have  just  completed  the  design  and  construction  of  an  infrared,  corneal- 
ref lection  device  with  the  aid  of  the  Section  on  Technical  Development. 

According  to  the  unit  recording  studies  nearly  two-thirds  of  IT  neurons 
receive  information  from  both  hemispheres  (i.e.,  from  both  the  left  and  right 
visual  half-fields) .   We  have  therefore  proposed  that  IT  cortex  plays  an 
important  role  in  stimulus  equivalence  across  the  visual  fields.   This  is  the 
phenomenon  in  which  a  stimulus  is  recognized  as  the  same  regardless  of  its 
retinal  position,  even  if  the  different  retinal  loci  project  to  different 
hemispheres.   To  test  our  hypothesis,  we  prepared  monkeys  with  bilateral  IT 
ablations  combined  with  section  of  the  optic  chiasm,  and  trained  them  first 
with  one  e>e  and  then  with  the  other  eye  on  a  series  of  visual  pattern  dis- 
criminations.  Unlike  control  monkeys  (with  either  IT  lesions  alone  or  chiasm 
section  alone) ,  who  can  perform  immediately  with  the  second  eye  any  discrimin- 
ation that  they  have  learned  with  the  first,  the  experimental  monkey  had  to 
learn  each  discrimination  anew  with  the  second  eye.   These  results  provide 
strong  evidence  that  stimulus  equivalence  across  the  visual  half-fields 
depends  on  the  convergence  of  their  projections  onto  single  IT  neurons.   We 
are  planning  to  test  a  further  prediction  from  this  hypothesis,  namely,  that 
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IT  lesions  will  prevent  transfer  of  a  visual  pattern  discrimination  from  one 
part  of  a  visual  half -field  to  another.   The  method  involves  training  monkeys 
whose  maintained  fixation  is  being  monitored  as  described  earlier  to  discri- 
minate a  pair  of  patterns  in  one  quadrant  of  a  visual  half  field  and  then  test 
them  for  transfer  to  the  other  quadrant.   Transfer  should  occur,  as  before, 
only  if  IT  neurons  are  present  to  mediate  the  spatial  convergence  of  visual 
information.   In  a  related  electrophysiological  experiment  v/e  will  test 
whether  single  neurons  are  indeed  activated  by  their  preferred  stimuli 
irrespective  of  stimulus  position  in  fehe-irtsual  field. 

This  spatial  convergence  upon  single  cells  provides  a  mechanism  that  is 
essential  for  discrimination  learning  under  normal  viewing  conditions.   It 
insures  that  the  same  central  visual  cells  will  be  activated  from  one  exposure 
of  the  stimulus  to  the  next  despite  the  fluctuations  in  fixation,  distance, 
direction  and  angle  of  regard  that  lead  to  stimulation  of  different  popula- 
tions of  striate  and  prestriate  cells  on  different  presentations.   But  spatial 
convergence  alone  is  insufficient  to  insure  reactivation  of  the  same  central 
visual  cells  unless  it  is  associated  with  a  mechanism  for  temporal  convergence. 
That  is,  a  given  stimulus  must  excite  the  same  visual  neurons  on  a  second 
occasion  as  on  the  first  if  there  is  to  be  any  summation  of  the  effects  of 
experience  or  training.   We  now  have  evidence  that  the  IT  cortex  does  indeed 
contain  a  mechanism  for  temporal  convergence,  as  indicated  by  the  following 
experiments  on  visual  recognition. 

Trained  monkeys  that  are  shown  an  object  once  will  demonstrate  that  they 
recognize  it  as  familiar  several  minutes  later  by  avoiding  it  in  favor  of 
another  object  that  is  completely  novel.   Thus,  somewhere  in  the  visual 
system  the  single  presentation  of  a  complex  stimulus  leaves  a  trace  against 
which  a  subsequent  stimulus  presentation  can  be  matched.   If  it  does  match, 
i.e.,  if  the  original  neural  trace  is  reactivated,  there  is  immediate  re- 
cognition of  familiarity,  and  the  behavioral  consequence  described  above 
ensues.   The  area  in  which  the  neural  trace  is  first  established  turns  out  to 
be  the  anterior  IT  cortex,  since  removals  here  but  not  elsewhere  abolish 
the  animal's  ability  to  recognize  an  object  that  it  has  seen  once  just  a  few 
seconds  before.   Apparently,  the  anterior  IT  cortex  contains  the  traces  laid 
down  by  previous  viewing,  and  these  serve  as  central  representations  against 
which  incoming  stimuli  are  constantly  being  compared.   In  the  process,  old 
traces  may  either  decay,  be  renewed,  or  even  refined,  and  new  traces  are 
added  to  the  store.   An  experiment  is  now  being  designed  to  study  these 
newly-  localized  visual  traces  at  the  single-unit  level.   The  question  to 
be  addressed  is  whether  or  not  a  neuron  that  at  first  responds  equally  to 
two  similar  stimuli  can  be  induced  to  respond  differently  to  them  by  training 
the  animal  to  attend  to  their  physical  differences. 

The  evidence  that  has  been  cited  favors  a  sequential  activation  model 
for  object  vision.   Information  that  reaches  the  striate  cortex  is  trans- 
mitted for  further  processing  to  the  prestriate  cortex,  and  from  there  to  the 
IT  area.   Can  this  model  be  extended  beyond  vision  per  se  to  encompass 
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stimulus-reward  association  learning?  Translated  Into  functional  anatomical 
terms  the  question  is  whether  visual  objects  might  gain  motivational  and 
emotional  significance  through  an  interaction  between  the  IT  cortex  and  the 
limbic  system.   Some  preliminary  findings  supported  this  possibility.  Earlier 
we  had  shown  that  equally  severe  deficits  in  object  discrimination  reversal 
learning  are  produced  by  bilateral  removal  of  IT  cortex  and  by  bilateral 
removal  of  the  temporal  pole  and  amygdala  (TPA) ,  a  limbic  region  to  which  the 
IT  cortex  projects.   To  test  whether  the  similarity  in  outcome  reflects  a 
truly  functional  relation  between  the  two  areas,  we  prepared  monkeys  with  an 
IT  removal  in  one  hemisphere,  a  TPA  removal  in  the  other,  and  a  transection 
of  the  anterior  commissure.   The  effect  on  object  reversal  learning  was  the 
same  as  that  of  the  bilaterally  sjnmnetrlcal  lesions  suggesting  that  section 
of  the  anterior  commissure  had  disconnected  the  intact  TPA  region  on  one  side 
from  the  intact  IT  cortex  on  the  other.   Section  of  the  corpus  callosum 
instead  of  the  anterior  commissure  was  ineffective.   The  results  thus  sup- 
ported the  proposal  that  the  process  of  associating  visual  stimuli  with 
reinforcements  depends  in  part  on  a  visual-limbic  pathway  with  a  link  in  the 
IT  cortex. 

We  are  now  extending  those  studies  to  exploit  this  new  evidence  of  a 
visual-limbic  interaction.   First,  we  have  undertaken  a  neuroanatomical 
investigation  to  define  exactly  the  amygdaloid  projections  from  visual  cortex. 
Our  results  show  that  no  visual  area  caudal  to  the  anterior  two-thirds  of  IT 
cortex  (Area  TE)  projects  to  the  amygdala,  but  that  all  sections  of  Area  TE 
do,  and  they  do  so  within  a  circumscribed  part  of  the  lateral  and  basolateral 
nuclei  of  the  amygdala.   (We  have  found  incidentally  that  other  sensory 
systems  project  to  other  parts  of  the  amygdaloid  complex  in  such  a  manner  as 
to  suggest  that  each  sensory  system  has  a  dominant  influence  in  a  given  part) . 
The  locus  within  the  amygdala  for  the  projection  from  the  visual  sydtem  was 
confirmed  in  the  2-deoxyglucose  experiment  described  earlier.   It  would  be 
of  interest  at  some  point  to  determine  whether  damage  to  just  this  part  of 
the  amygdala  would  produce  the  effects  un  visually  mediated  learning  that 
have  now  been  found  after  total  amygdalectomy.   This  relates  to  the  second 
way  in  which  the  visual-limbic  interaction  studies  have  been  extended. 
Specifically,  we  have  refined  our  behavioral  assessment  by  replacing  the 
discrimination  reversal  problem  with  a  one-trial  associative  memory  test 
analogous  to  the  one-trial  visual  memory  test  described  earlier.   Whereas 
only  IT  lesions  had  impaired  performance  on  the  visual  memory  test,  results 
with  the  associative  memory  test  have  indicated  equivalent  impairments  after 
both  IT  lesions  and  lesions  limited  to  the  amygdala.   Presumably,  the  im- 
pairment of  the  animals  with  IT  lesions  on  the  associative  task  was  due  to 
their  basic  recognition  disorder  found  previously.   The  impairment  in  the 
animals  with  amygdala  lesions,  however,  not  being  attributable  to  a  recogni- 
tion disorder,  appears  to  reflect  instead  a  disorder  in  object-reward 
association.   The  results  thus  point  to  object  recognition  and  object-reward 
association  as  consecutive  processes  that  depend  in  part  on  the  sequential 
participation  of  IT  cortex  and  the  amygdala.   An  attempt  will  next  be  made 
to  disconnect  the  amygdala  from  its  IT  input  and  then  test  the  effects  of 
this  disconnection  on  associative  memory. 

Concurrently  we  will  be  testing  directly  whether  the  amygdala  is  in- 
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volved  in  the  establishment  of  stimulus-reward  associations.   The  study  in- 
volves measuring  activity  of  single  units  in  the  amygdala  while  an  animal 
performs  a  visual  discrimination  reversal.   Positive  evidence  for  our  hypo- 
thesis would  be  provided  by  a  finding  that  the  discharge  frequency  of  a  given 
unit  depends  on  the  reward  value  of  the  stimulus  (A+  vs  A-)  and  not  on  its 
sensory  quality  (A  vs  B) .   The  converse  results,  i.e.,  sensitivity  to  the 
sensory  and  not  to  the  affective  quality  of  the  stimulus,  would  be  expected 
of  units  in  the  IT  cortex,  for  according  to  our  model  this  tissue  is  an 
intrinsic  part  of  the  visual  system  and  concerned  with  purely  visual  pro- 
cessing.  Preliminary  results  have  been  gathered  thus  far  on  units  in  the  IT 
cortex,  and,  as  predicted,  many  of  the  neurons  here  discharge  selectively  to 
visual  patterns  -  one  cell  preferring  one  subset  of  patterns,  another  cell 
preferring  another  subset,  and  so  on  -  whereas  few  if  any  of  these  neurons 
appear  to  code  the  reward  value  of  the  patterns.   Whether  such  a  code  is 
carried  by  a  higher  proportion  of  neurons  in  the  amygdala  still  remains  to  be 
determined. 

In  the  process  of  investigating  the  role  of  various  temporal-lobe  struc- 
tures in  the  visual  memory  of  the  monkey  we  have  chanced  upon  a  result  that 
is  particularly  exciting  because  it  may  help  to  solve  a  long-standing  puzzle 
concerning  the  neuropathology  underlying  the  syndrome  of  global  amnesia  in 
man.   This  syndrome,  which  is  characterized  by  a  profound  inability  to  re- 
member new  experiences,  has  been  attributed  in  the  clinical  literature  to  de- 
struction of  the  hippocampus.   Yet,  attempts  to  duplicate  this  syndrome  in 
animals  by  removal  of  the  hippocampus  have  largely  failed .   What  we  have  found 
in  our  studies,  both  for  visual  recognition  memory  and  for  object-reward 
association  memory,  is  that  if  damage  to  the  hippocampus  is  combined  with 
damage  to  the  amygdala  then  a  profound  memory  loss  ensues,  a  loss  tl^at  is 
even  greater  than  that  produced  by  lesions  of  IT  cortex.   The  discovery  not 
only  opens  up  a  new  possibility  for  resolving  the  discrepancy  between  clinical 
and  animal  findings,  it  also  provides  a  new  insight   into  the  neural  mechanisms 
of  memory.   Pursuit  of  this  line  of  study  will  be  a  major  part  of  our  future 
program. 

Cerebral  Mechanisms  in  Spatial  Perception  and  Memory 

The  visual  pathway  described  in  the  previous  section  is  important  mainly 
for  object  vision,  that  is,  for  the  analysis  and  coding  of  the  physical  di- 
mensions of  visual  stimuli  and  for  their  identification  through  associations 
with  other  events,  particularly  motivational  and  emotional  ones.   There  is  a 
second  major  visual  pathway  out  of  the  striate  cortex,  however,  and  this  one 
appears  to  play  an  important  part  in  spatial  vision,  that  is,  in  the  analysis 
of  the  spatial  location  of  objects  and  in  the  use  of  this  information  for  the 
guidance  of  movement.   The  first  pathway  is  directed  ventrally  to  the  temporal 
and  frontal  limbic  systems.   By  contrast,  the  second  pathway  is  directed 
dorsally  and  appears  to  provide -access  to  the  motor  system.   The  evidence  in 
support  of  this  dichotomy  of  cortical  visual  pathways  and  the  reasons  for 
categorizing  the  second  one  as  primarily  spatial  rather  than  purely  visual 
in  function  come  from  recent  experiments  in  our  laboratory  on  the  parietal 
and  frontal  lobes. 
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We  had  found  earlier  that  bilateral  posterior  parietal  lesions  produced 
severe  impairments  on  a  spatial  test  in  which  the  animal  was  required  to 
choose  a  response  location  on  the  basis  of  its  proximity  to  a  visual  "landmark". 
The  effective  lesions  were  large,  invading  not  only  inferior  parietal  but  also 
dorsolateral  and  medial  prestriate  tissue.  To  test  whether  the  responsible 
damage  might  have  been  to  the  prestriate  rather  than  to  the  parietal  cortex, 
new  experiments  were  performed  with  more  selective  lesions.  The  results 
failed  to  reveal  any  localization  within  the  larger  region,  and  indicated 
instead  that  each  part  contributes  to  the  function  equally.   The  findings 
thus  give  added  support  to  the  view  that  the  inferior  parietal  lobule,  rather 
than  being  a  modality-specific  tactual  association  area  as  vras  once  thought, 
is  probably  a  multimodal  area  with  a  significant  part  played  by  vision.   To 
test  for  the  dependence  of  this  area  on  visual  input,  a  crossed-lesion  study 
was  undertaken.   A  posterior  parietal  lesion  in  one  hemisphere  was  combined 
serially  with  a  total  striate  removal  in  the  other,  and  these  were  followed 
by  callosal  transection.   Animals  trained  on  the  landmark  test  were  severely 
impaired  by  the  crossed  lesions  alone  (performed  in  either  order) ,  and  once 
recovered  they  were  only  mildly  re-impaired  by  the  callosal  lesion.   The 
results  suggest  that  the  inferior  parietal  cortex,  like  the  inferior  temporal, 
depends  heavily  on  striate  input  for  its  visual  function;  but  unlike  the 
inferior  temporal,  the  posterior  parietal  does  not  seem  to  receive  a  heavy 
ipsilateral  visual  input  by  way  of  the  corpus  callosum.   Thus,  each  posterior 
parietal  area  may  be  organized  largely  as  a  substrate  for  contralateral 
spatial  function,  and  this  could  account  in  part  for  the  symptom  of  contra- 
lateral spatial  neglect  that  has  so  often  been  reported  after  unilateral 
parietal  injury. 

In  another  experiment,  monkeys  received  bilateral  lesions  of  the  striate 
areas  representing  either  central  vision  (lateral  striate)  or  peripheral 
vision  (medial  striate) .   They  were  tested  both  on  a  pattern  discrimination 
task,  to  assess  residual  inferior  temporal  function,  and  on  the  landmark 
task,  to  assess  residual  posterior  parietal  function.   On  the  former  task, 
only  the  lateral  striate  lesion  produced  a  deficit,  whereas  on  the  latter 
task,  the  two  lesions  produced  equally  severe  deficits.   Apparently,  inputs 
from  central  vision  are  especially  important  for  the  pattern  recognition 
functions  of  inferior  temporal  cortex,  but  inputs  from  central  and  peripheral 
vision  are  equally  Important  for  the  visuospatial  functions  of  posterior 
parietal  cortex.   Thus,  although  interactions  with  striate  cortex  are  critical 
for  the  parietal  just  as  for  the  temporal  area,  the  striate  inputs  to  these 
two  regions  appear  to  be  organized  differently:  relative  to  inferior  temporal 
cortex,  posterior  parietal  cortex  receives  a  greater  contribution  from  inputs 
representing  both  the  contralateral  and  the  peripheral  visual  fields.   These 
differences,  which  are  seen  also  in  the  receptive  field  properties  of  posterior 
parietal  vs.  inferior  temporal  neurons,  presumably  reflect  differences  in 
the  cortical  processing  required  for  spatial  vs.  object  vision.   Incidentally, 
a  direct  demonstration  that  the  posterior  parietal  cortex  is  visually  related 
was  provided  by  the  2-deoxyglucose  experiment  described  in  the  previous 
section. 

The  spatial  functions  of  the  parietal  area  have  been  categorized  on  the 
basis  of  our  studies  as  "allocentric" ,  where  spatial  location  is  defined  in 
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terms  of  referents  external  to  the  animal.   Another  form  of  spatial  perception 
is  "autocentric",  where  location  is  defined  with  reference  to  the  animal's 
own  body.   Evidence  is  accumulating  that  this  form  of  spatial  orientation  is 
dependent  on  dorsal  prefrontal  cortex,  and  that  impairment  in  autocentric 
localization  after  dorsal  prefrontal  damage  is  the  basis  for  the  frontal 
animal's  impairment  on  spatial  delayed  response  tasks.   (The  dissociation 
between  an  allocentric  and  an  autocentric  spatial  mechanism  derives  in  part 
from  our  finding  that  parietal  and  prefrontal  lesions  each  impair  one 
mechanism  but  not  the  other.) 

Crossed-lesion  experiments  like  those  described  above  have  shown  that  the 
dorsal  prefrontal  cortex  also  depends  on  striate  input  for  its  visual  spatial 
function.   Evidence  that  the  function  is  selectively  spatial  comes  from  a 
recent  experiment  in  which  animals  with  selective  prefrontal  removals  were 
compared  on  a  series  of  nonspatial  visual  memory  tests.   These  included  delayed 
object  alternation,  delayed  color  matching,  and  delayed  object  matching.   In 
every  case,  animals  with  lesions  confined  to  the  cortex  in  the  principal 
sulcus  quickly  reattained  criterion  performance,  in  sharp  contrast  to  their 
notoriously  poor  performance  on  spatial  visual  memory  tests.   In  another  ex- 
periment we  obtained  evidence  that  autocentric  spatial  localization  is  prob^ 
ably  not  a  purely  kinesthetic  function.   On  a  test  that  required  precise 
judgments  of  the  extent  of  head  or  hand  movements,  prefrontal  lesions  alone 
produced  little  or  no  impairment.   Since  it  is  thus  possible  to  spare  kines- 
thetic discrimination  ability  while  at  the  same  time  severely  impair  spatial 
perception,  it  is  clear  that  the  two  abilities  must  be  at  least  partly  inde- 
pendent.  At  the  same  time,  other  evidence  was  obtained  that  with  sufficiently 
large  frontal  lesions,  which  included  both  dorsal  prefrontal  and  dorsal  pre- 
motor  cortex,  a  severe  kinesthetic  impairment  could  be  produced.   The  findings 
thus  point  to  a  substrate  for  kinesthesis  that  is  close  to,  yet  separate  from, 
the  substrate  for  spatial  perception.   Indeed,  it  is  reasonable  to  suppose 
that  the  system  for  autocentric  localization  depends  on  input  not  only  from 
vision,  but  from  kinesthesis  and  many  other  modalities,  and,  further,  that 
the  dorsal  prefrontal  area,  like  the  posterior  parietal,  is  a  center  for 
convergence  of  multimodal  information  organized  in  terms  of  some  spatial 
coordinate  system.   The  hypothesis  suggests  a  new  direction  for  electrophysio- 
logical studies  of  these  dorsal  cortical  association  areas. 

It  was  noted  above  that  the  outputs  of  these  dorsal  association  areas  may 
be  directed  toward  the  cortical  motor  system  and  thus  permit  spatial  guidance 
of  movements.   Disconnection  experiments  involving  the  spatial  and  motor 
systems,  like  those  described  earlier  involving  the  visual  and  limbic  systems, 
would  provide  a  direct  test  of  this  proposal.   Indirect  support  for  this  notion 
came  from  an  unexpected  source.   In  the  previous  section  the  evidence  was 
reviewed  showing  that  visual  discrimination  habits  depend  on  both  the  cortical 
visual  system  and  ventral  limbic  structures.   But  are  these  two  systems  acting 
together  a  sufficient  substrate  for  such  habits,  or  does  the  rest  of  the 
cortex,  including  that  in  the  dorsal  "spatial"  system,  also  play  a  significant 
role?   To  examine  this  question  we  restricted  vision  to  a  single  hemisphere 
(by  visually  deaf f erenting  and  disconnecting  the  other  hemisphere) ,  and  then 
removed  all  the  cortex  from  the  seeing  hemisphere  except  for  the  visual  and 
limbic  systems.   Unexpectedly,  the  operated  animals  appeared  on  awakening  to 
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be  completely  blind,  and  this  total  blindness  lasted  for  one  to  several 
months,  abating,  If  at  all,  only  very  slowly  and  only  In  part.   Yet,  the 
genlculostrlate  pathway  In  these  animals  seemed  to  be  Intact  as  judged  both 
by  visual  evoked  potential  studies  (performed  In  collaboration  with  Buchsbaum, 
NIMH)  and  from  the  subsequent  histological  examination  of  the  brains. 

To  determine  whether  the  blindness  was  the  result  of  a  disconnection  of 
the  visual  system  in  one  hemisphere  from  the  motor  system  in  the  other, 
animals  were  prepared  as  before  but  with  the  forebrain  commissures  left 
intact.   Yet  these  animals  too  were  blind,  indicating  that  the  blindness  is 
not  a  disconnection  effect  and  suggesting  further  that  during  blindness  the 
visual  signal  is  not  processed  beyond  striate  cortex,  for  otherwise  the  signal 
should  have  been  transmitted  across  the  preserved  commissural  channels  (which 
start  at  the  striate-prestriate  border)  to  the  motor  system.   The  analysis 
implies  that  the  territory  ablated  normally  provides  some  activating  input, 
direct  or  indirect,  that  is  necessary  for  cortical  visual  processing. 

In  a  further  study,  the  original  lesion  was  subdivided  in  an  effort  to 
localize  the  area  supplying  the  activating  input.   It  was  found  that  a  sensori- 
motor lesion  (Brodmann's  areas  1-6)  failed  to  produce  blindness  in  any  of 
three  monkeys.   The  complementary  lesion,  however,  consisting  of  dorsal  pre- 
frontal, inferior  parietal,  insula  and  superior  temporal  areas,  did  produce 
blindness  in  three  monkeys  for  about  a  month.   These  localization  results 
provide  additional  evidence  that  the  blindness  is  not  a  visual-motor  dis- 
connection effect,  and  suggest  instead  that  it  is  a  profound  form  of  visual 
neglect,  since  parts  of  the  lesion  that  produced  blindness  are  known  to 
produce  neglect.   Accordingly,  the  basis  of  the  neglect  too  could  be  impaired 
processing  within  the  cortical  visual  system  due  to  loss  of  activating  input, 
though  a  less  complete  loss  than  that  producing  neglect.   It  appears  from 
these  results  that  the  dorsal  "spatial"  system  normally  provides  an  activating 
input  (relayed  perhaps  through  the  activating  system)  that  is  necessary  for 
the  visual  system  and  perhaps  other  sensory  systems  to  work  properly,  and 
that  this  is  in  addition  to  its  contribution  to  spatial  mechanisms.   For  when 
the  animals  eventually  do  recover  their  use  of  vision,  they  then  show  perma- 
nent impairment  in  the  ability  to  guide  their  limbs  to  visual  targets;  that 
is,  they  then  show  the  expected  spatial-motor  disconnection.   Further  studies 
dealing  with  both  the  spatial  and  the  activating  functions  of  the  posterior 
parietal  and  dorsal  prefrontal  areas  are  now  underway. 

Development  of  Brain  and  Behavior 

A  major  goal  of  this  laboratory  continues  to  be  the  elucidation  of  neural 
mechanisms  underlying  the  development  of  normal  behavior  and  equally  to  under- 
stand the  mechanisms  responsible  for  recovery  of  function  or  plasticity 
following  central  nervous  system  injuries,  particularly  those  originating  in 
infancy.   The  approach  is  broadJ.y  multi-disciplinary,  involving  behavioral, 
anatomical,  electrophysiological,  endocrinological,  pharmacological  and 
biochemical  techniques.   The  experimental  subject  is  the  rhesus  monkey,  which 
because  of  its  protracted  span  of  postnatal  development  and  its  remarkable 
capacity  for  restitution  of  function  following  cortical  lesions  of  early  onset, 
is  an  ideal  subject  for  studies  aimed  at  understanding  neurobehavioral 
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specificity  and  plasticity.   The  focus  of  these  studies  is  on  the  prefrontal 
granular  cortex.   This  slowly  maturing  neocortical  region  of  the  primate 
brain  is  particularly  appropriate  for  studies  aimed  at  resolving  the  sequence, 
duration,  and  correlation  of  structural  and  functional  events  in  ontogeny. 

Cortical  and  Subcortical  Unit  Activity  at  Various  Stages  of  Postnatal 
Development .   Previous  research  in  this  laboratory  has  provided  evidence  that 
specific  regions  of  the  primate  cortex  are  functionally  immature  at  birth  and 
that  different  regions  develop  their  respective  functions  according  to  widely 
different  time-tables.   The  process  by  which  neurons  differentiate  specific 
functions  still  remains  one  of  the  key  problems  of  neurobiology.   In  the 
last  few  years  we  have  applied  a  novel  approach  to  the  study  of  functional 
maturation  in  specific  regions  of  the  primate  brain.   Instead  of  the  conven- 
tional method  of  ablation,  we  applied  the  reversible  lesion  method  of  cryo- 
genic depression  to  the  analysis  of  cerebral  function  at  different  stages  of 
development.   We  were  successful  in  inactivating  the  cerebral  cortex  by  local 
hypothermia  to  produce  consequences  similar  to  those  produced  by  surgical 
ablation,  but  with  the  important  advantage  that  the  lesion  is  reversible. 
Using  this  method,  we  demonstrated  that  cryogenic  depression  of  the  dorso- 
lateral prefrontal  cortex  at  a  temperature  sufficient  to  induce  21  -  25% 
decrements  in  the  performance  of  a  spatial  delayed  response  task  in  34  -  36 
month-old  monkeys  produced  no  detectable  loss  of  performance  in  9  -  16  month- 
old  monkeys  and  only  a  slight  decrement  in  performance  in  19  -  31  month-olds. 
The  spatial  delayed  response  task  is  among  the  most  sensitive  and  selective 
measures  of  prefrontal  association  cortical  function.   We  can  conclude  from 
these  results  that  the  dorsolateral  prefrontal  cortex  in  primates  develops 
its  role  in  mediating  delayed-response  function  only  gradually  and  does  not 
become  fully  functional  until  nearly  3  years  of  age,  which  is  the  tiime  of 
sexual  maturity  in  this  species.   These  results  additionally  indicate  that 
the  cryogenic  method  can  be  an  extremely  useful  approach  to  the  problem  of 
functional  development  in  other  areas  of  the  brain  including  subcortical 
centers. 

This  year  we  have  extended  our  analysis  of  the  maturation  of  the  dorso- 
lateral cortex  with  a  detailed  electrophysiological  study  of  the  properties 
of  cortical  neurons  in  relation  to  performance  on  the  spatial  delayed-response 
task.   Chronic  indwelling  cylinders  were  implanted  over  the  dorsolateral 
prefrontal  or  the  posterior  parietal  cortex  of  the  brain  in  monkeys  ranging 
from  9  to  36  months  of  age.   Before  surgery  the  monkeys  were  trained  to 
perform  the  delayed-response  task  in  a  semi-automatic  testing  chamber. 
Following  surgery,  unit  activity  was  recorded  from  the  frontal  or  parietal 
cortex  while  monkeys  performed  the  task.   The  major  findings  are;  (1)  neurons 
of  the  dorsolateral  prefrontal  cortex  fire  in  relation  to  parameters  of  the 
delayed-response  task  in  adult  monkeys,  (2)  one  class  of  neurons  fires  pre- 
ferentially only  during  the  delay  phase  of  the  task  indicating  a  possible 
role  in  short-term  memory,  (3)  a  second  class  of  neurons  fire  in  relation  to 
spatial  location  of  the  bait.   In  the  delayed  response  task,  rewards  are 
sometimes  placed  into  a  foodwell  to  the  right  of  the  animal  and  other  times 
in  a  foodwell  to  the  monkey's  left.   In  the  prefrontal  cortex  of  adult  monkeys, 
units  that  fire  preferentially  only  when  the  left  or  only  when  the  right 
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foodwell  is  baited  have  been  clearly  identified,  thus  Indicating  that  they 
may  possess  a  mnemonic  code  for  "left"  and  "right".  This  selectivity  is 
independent  of  hand  used  to  retrieve  the  reward.   (4)  neurons  in  the  parietal 
cortex  do  not  exhibit  a  similar  profile  of  response  characteristics  indicating 
that  parietal  cortex  plays  a  different  if  any  role  in  the  performance  of 
delayed-response  tasks,  (5)  units  which  fire- in  relation  to  the  delay  or 
exhibit  "left"  and  "right"  preferences  may  be  found  in  the  dorsolateral  pre- 
frontal cortex  of  9  -  12  month-old  monkeys,  but  there  are  many  fewer  of  such 
neurons  in  the  younger  group  than  in  the  adult.   These  results  thus  provide 
powerful  electrophysiological  evidence  that  the  neurons  of  the  dorsolateral 
cortex  are  immature  at  this  stage  of  postnatal  development,  a  finding  which 
can  help  to  explain  why  they  can  be  removed  either  by  surgical  resection  or 
functional  depression  without  producing  behavioral  impairments  on  the  delayed- 
response  tasks  at  early  stages  of  postnatal  life.   A  detailed  quantitative 
analysis  of  the  types  and  percentages  of  neuronal  classes  that  can  be  recorded 
in  Immature  as  compared  with  mature  cortex  is  currently  in  progress.   Also, 
analysis  of  electrophysiological  data  obtained  from  the  caudate  nucleus  or 
dorsomedial  nucleus  of  the  thalamus  in  chronic  behaving  monkeys  at  different 
stages  of  development  and  in  relation  to  cortical  depression  or  inactivation 
will  allow  us  to  analyze  the  nature  and  changes  in  cortical  regulation  of 
subcortical  activity  with  age. 

The  Role  of  Experience  in  Recovery  from  Early  Brain  Damage.   The  impor- 
tance of  experience  for  the  development  of  behavior  and  for  the  maturation 
of  the  central  nervous  system  in  normal  individuals  is  widely  recognized. 
Only  recently,  however,  it  has  become  clear  that  experience  may  play  an 
equally  important  though  as  yet  poorly  defined  role  in  neuropathological 
development.   A  growing  number  of  studies  has  provided  evidence  that  recovery 
of  function  following  brain  injury  in  early  life  does  not  necessarily  occur 
spontaneously  but  rather  depends  on  the  opportunities  which  the  environment 
provides  for  stimulation  during  the  course  of  post-operative  development. 
Most  of  this  evidence  has  come  predominantly  from  studies  of  rodents.   These 
studies  have  provided  evidence  that  experience  counteracts  brain  trauma,  but 
in  general,  the  environmental  effects  have  not  been  impressive  in  magnitude. 
Recent  evidence  obtained  in  our  laboratory  indicates  that  early  experience 
may  have  unexpectedly  profound  effects  on  the  course  of  recovery  from  brain 
damage  in  rhesus  monkeys  whose  cerebral  organization,  parameters  of  develop- 
ment, and  capacity  for  complex  behavior  are  more  similar  to  those  of  man. 
The  recognition  that  environmental  stimulation  may  be  a  potent  factor  govern- 
ing an  organism's  capacity  to  compensate  for  brain  injury  raises  certain 
hopes  for  the  clinical  treatment  of  brain  injury  and  also  provides  some 
clues  to  possible  neural  mechanisms  responsible  for  restoration  of  function 
in  a  damaged  nervous  system. 

Behavioral  Consequences  of  Prenatally  and  Postnatally  Induced  Brain 
Damage.   This  laboratory  has  produced  several  lines  of  evidence  establishing 
the  young  brain's  superior  recuperative  potential.   First,  removal  of  the 
orbital  prefrontal  cortex  at  1,  4  or  8  weeks  of  life  does  not  produce  the 
lasting  multimodal  behavioral  deficits  that  result  from  identical  removals 
in  adult  animals.   Although,  as  mentioned  in  an  earlier  section,  full  re- 
covery following  lesions  requires  the  facilitation  of  experience,  this 


64 


salutary  effect  is  possible  only  In  cases  of  early  brain  injury.   Second, 
removal  of  the  dorsolateral  prefrontal  cortex  can  be  performed  in  neonatal 
monkeys  until  at  least  2  months  of  age  without  producing  the  severe  spatial- 
mnemonic  deficits  that  reliably  result  from  similar  or  even  more  circumscrib- 
ed injury  in  adulthood.   Some  animals  with  dorsolateral  lesions  may  exhibit 
signs  of  arrested  development  as  they  grow  older;  nevertheless  such  cases 
are  still  more  competent  than  animals  operated  as  adults.  .  The  third  and 
most  dramatic  line  of  evidence  for  the  resilience  of  the  immature  brain  comes 
from  our  recent  demonstration  that  the  dorsolateral  prefrontal  cortex  could 
be  removed  bilaterally  in  a  monkey  fetus  two  months  prior  to  birth.   Neuro- 
surgery was  performed  prenatally,  the  animal  was  returned  to  the  uterus  and 
allowed  to  survive  until  term  when  it  was  removed  by  Caesarean  section. 
Studied  for  nearly  three  years  of  its  postiiatal  life,  the  prenatally  operated 
monkey  did  not  exhibit  any  signs  of  sensori-motor  problems  at  any  stage  of 
its  development  and  performed  as  well  as  normal  animals  on  all  tests  of 
cognitive  function  that  were  administered  over  the  course  of  its  postnatal 
life. 

All  of  this  evidence  for  central  neural  plasticity  in  primates  has,  until 
now  been  based  largely  on  studies  of  association  cortex.   Such  areas,  it 
could  be  argued,  may  be  more  dispensable  because  their  wiring  is  perhaps 
less  tightly  specified,  at  least  in  comparison  to  the  more  rigid  point-to- 
point  topography  of  sensory  and  motor  cortical  systems.   During  the  last 
year  we  have  extended  the  evidence  for  plasticity  of  the  developing  nervous 
system  to  brain  injuries  sustained  by  the  primary  visual  and  primary  motor 
cortex.   In  one  study,  the  motor  cortex  and  large  areas  of  other  periorolandic 
regions  were  removed  in  one  hemisphere  during  the  mid-gestational  period  and 
the  fetus  brought  to  term.   The  prenatally  operated  animal  was  studied 
neurologically  during  early  postnatal  development  and  found  to  exhibit 
neither  weakness  nor  spasticity  of  the  limbs  contralateral  to  the  partial 
hemispherectomy.   Most  significantly,  voluntary  motor  performance  seemed  to 
be  largely  unaffected.   The  animal  was  able  to  ambulate  using  both  limbs 
and  to  support  its  weight  equally  well  by  the  limbs  of  either  side  of  the  body. 
A  more  detailed  investigation  has  been  made  of  the  integrity  of  perceptual 
function  in  two  monkeys  in  whom  the  entire  primary  visual  cortex  was  removed 
in  the  first  week  of  life.   These  animals  were  tested  on  a  variety  of 
increasingly  complex  pattern  discriminations  as  well  as  on  a  number  of  other 
measures  including  color  discrimination,  discrimination  reversals,  and  tests 
of  visual  acuity.   They  performed  surprisingly  well  on  all  visual  tasks  that 
have  so  far  been  administered;  moreover,  in  their  home  cages,  they  exhibit 
normal-for-age  visual  exploratory  behavior.   In  essence,  the  evidence  is 
unambiguous  that  these  two  animals  with  either  total  or  nearly  total  lack 
of  primary  visual  cortex  are  able  to  see  fine  visual  detail.   Either  pattern 
vision,  once  thought  to  require  primary  visual  cortex,  can  be  subserved  by 
other  parts  of  the  visual  or  extravisual  systems  or  anomalous  connections 
have  formed  in  the  brains  of  these  cases  that  could  play  a  role  in  the 
unusual  restoration  of  visual  capacity.   These  possibilities  can  and  will  be 
examined  by  appropriate  morphological  studies  involving  transneuronal 
transport  of  radioactive  isotopes  to  trace  anomalous  retino-geniculo-striate 
connections  and  by  2-deoxyglucose  mapping  of  functional  pathways  during 
restored  performance. 
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Neurochemical  Correlates  of  Normal  and  Disordered  Development  in 
Primates.   Neurochemical  studies  are  being  conducted  in  order  to  learn  more 
about  the  maturational  status  of  the  brain  at  different  stages  of  development 
and  to  more  fully  understand  neural  and  behavioral  plasticity  in  the 
developing  primate.   Measures  of  neurotransmitter  levels  and  rates  of 
synthesis  give  some  Indication  of  normal  development  of  synaptic  mechanisms 
and  provide  a  baseline  for  evaluating  neural  response  to  acute  and  chronic 
brain  Injury.   Our  studies  focus  on  the  monoamines:  dopamine,  noradrenaline, 
serotonin  and  its  metabolite,  5-hydroxyindoleacetic  acid  (5-HIAA) .   These 
were  measured  by  cation  exchange  chromatography  and  fluorimetric  assay. 
Catecholamine  and  Indoleamine  synthesis  rates  were  obtained  by  measuring  the 
accumulation  of  DOPA  and  5-hydroxytryptophan  following  inhibition  of  aromatic 
amino  acid  decarboxylase  activity  by  NSD  1015.   The  neurochemical  investi- 
gations fall  into  four  categories:  1)  regional  distributions  in  brain  of 
mature  rhesus  monkeys;  2)  development  of  monoamines;  3)  assessment  of 
functional  contribution  of  cortical  monoamines;  and  4)  alteration  of 
monoamines  following  brain  damage. 

1,   Regional  Distribution  In  Adult  Monkey.   Endogenous  monoamine  concentra- 
tions and  turnover  rates  vary  markedly  in  different  regions  of  neocortex 
as  well  as  in  various  subcortical  structures  of  young  adult  rhesus  monkeys. 
Monoamine  levels  and  synthesis  rates  in  amygdala,  hippocampus,  neostriatum, 
thalamus  and  brain  stem  are  generally  similar  to  comparable  measures 
previously  reported  in  a  variety  of  species.   However,  cortical  monoamines 
exhibit  topographically  specific  patterns  of  distribution  that  have  not  been 
described  before.   Thus,  dopamine  concentration  is  highest  in  the  prefrontal 
and  temporal  neocortex;  it  decreases  along  the  fronto-occipital  axis  and 
only  trace  amounts  are  detectable  in  the  visual  cortex.   The  distribution  of 
norepinephrine  is  similar  to  that  of  dopamine  except  that  the  highe'st 
concentrations  of  norepinephrine  are  found  in  somatosensory  cortex  instead  of 
prefrontal  cortex.   The  pattern  of  distribution  of  serotonin  is  more  uniform. 
However,  the  distribution  of  its  metabolite,  5-hydroxyindoleacetlc  acid, 
is  complementary  to  that  of  dopamine:  the  concentration  is  lowest  in  pre- 
frontal cortex  and  highest  in  posterior  regions  of  the  telencephalon. 

Synthesis  of  catecholamines  as  measured  by  DOPA  accumulation  in  monkeys 
treated  with  an  aromatic  amino  acid  decarboxylase  inhibitor,  NSD  1015, 
generally  parallels  the  distribution  of  the  catecholamines  while  indoleamine 
synthesis  as  measured  by  5-HTP  accumulation  is  similar  to  the  distribution 
of  5-hydroxyindoleacetlc  acid.   It  may  be  significant  that  synthesis  rates 
for  the  catecholamines  are  especially  high  in  various  areas  of  association 
cortex.   Until  now  there  has  been  little  recognition  of  the  differential 
concentrations  and  turnover  of  monoamines  in  various  areas  of  primate 
cortex.   These  findings  as  well  as  the  evidence  for  differential  rates  of 
development  (see  below)  encourage  the  detailed  examination  of  the  neuro- 
chemical basis  of  higher  behavioral  processes  and  their  elaboration.   In 
particular,  the  role  of  serotonin  in  visual  function,  norepinephrine  in 
somatic  sensation,  and  dopamine  in  cognition  need  to  be  explored. 
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2.  Development  of  Monoamines.   Studies  on  the  development  of  monoamine 
levels  and  rates  of  synthesis  in  major  cortical  and  subcortical  subdivisions 
of  the  primate  nervous  system  reveal  that  there  are  considerable  differences 
in  the  time-tables  of  development  for  dopamine,  norepinephrine  and  serotonin 
in  different  regions  of  the  nervous  system.   We  have  identified  three  major 
periods  of  maturation  which  span  a)  a  neonatal  stage  from  birth  through  8 
months  of  age;  b)  a  juvenile  stage  from  8  months  to  2-3  years  of  age;  and  c) 
maturity  which  begins  at  2-3  years  and  extends  to  15  years  and  over,  which  in 
rhesus  monkey  can  be  considered  the  equivalent  of  old  age  in  man.   Since  the 
changes  in  brain  chemistry  with  age  are  quite  complex,  it  will  be  convenient 
to  describe  the  major  findings  for  each  putative  transmitter  separately. 

Dopamine  is  found  in  high  concentrations  in  the  prefrontal  cortex  of  newborn 
monkeys.   However,  the  level  and  rates  of  synthesis  of  this  amine  decline 
over  the  neonatal  period  from  birth  through  8  months  of  age.   In  contrast, 
dopamine  content  and  activity  in  motor  cortex  increase  over  the  same  period 
reaching  a  peak  by  8  months  of  age.   The  decline  in  prefrontal  dopamine  and 
the  increase  in  precentral  dopamine  may  possibly  reflect  a  redistribution  of 
d9paminergic  activity  within  the  frontal  lobe  over  the  neonatal  period  of 
postnatal  development  as  well  as  maturation  of  control  mechanisms  for 
dopamine  synthesis  and  regulation.   Peak-levels  of  dopamine  that  are 
attained  in  motor  cortex  in  the  first  eight  months  may  be  related  to  the 
increase  in  motor  dexterity  and  fine  coordination  that  begins  to  be  evident 
at  this  age.   Dopamine  content  and  activity  in  prefrontal  cortex  increases 
from  8  months  to  2-3  years  of  age  followed  by  a  marked  decrease  in  aged 
monkeys.   The  increase  in  prefrontal  dopamine  at  the  stage  of  sexual 
maturation  correlates  with  our  Independent  evidence  from  studies  of  surgical 
and  reversible  lesions  and  from  electrophysiological  data  which  indicate 
that  the  dorsolateral  prefrontal  cortex  reaches  maturity  for  certai'n 
cognitive  functions  at  this  age.   The  decline  in  dopamine  in  old-aged 
animals  (which  is  restricted  only  to  prefrontal  cortical  dopamine)  may  be 
related  to  the  decline  in  cognitive  efficiency  that  sometimes  occurs  in  old 
age.   If  so,  reversal  of  such  disorders  may  be  possible  with  dopamine 
agonists. 

In  contrast  to  dopamine,  norepinephrine  exhibits  a  steady  and  graded  increase 
with  age  in  both  levels  and  biosynthetic  activity  in  all  areas  of  the  brain 
where  it  is  present  in  measurable  concentrations.   It  is  noteworthy  that 
norepinephrine  which  is  present  in  peak  concentrations  in  somatosensory 
cortex  at  all  ages  falls  off  sharply  in  15  year  old  monkeys.   Norepinephrine 
content  of  other  cortical  and  subcortical  regions  is  only  minimally  affected 
in  old  age. 

Serotonin  is  rather  uniformly  distributed  throughout  the  neocortex  at  all 
ages  but  its  metabolite,  5-HIAA,  is  present  in  higher  concentrations  in 
posterior  regions  of  the  neocortex.  Developmentally ,  serotonin  synthesis 
rates  are  low  in  parietal  and  visual  cortex  over  the  neonatal  period  from 
birth  through  8  months.  However,  between  8  months  and  2-3  years,  there  is 
a  75%  increase  in  synthetic  activity  in  these  regions,  thus  indicating  an 
increasing  serotonergic  influence  of  the  functions  of  parietal  and  visual 
cortex  with  maturity. 
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While  the  functional  role  of  monoamines  in  neocortical  activity  and  in 
development  of  such  activity  needs  to  be  elucidated,  the  dynamic  and 
regionally  specific  changes  in  monoamine  concentration  and  activity  suggests 
a  differential  role  for  the  different  transmitters  in  each  area  of  the 
cortex.   Further,  the  functions  mediated  by  each  cortical  area  may  well  be 
modulated  by  a  different  neurotransmitter  at  each  developmental  time  period. 
Further  studies  are  required  to  decipher  the  meaning  of  these  shifts  in 
neurotransmitter  balance  over  various  stages  of  the  life  span  and  to  explore 
their  significance  in  pathological  as  »8li--««M*iormal  beha^oral  development. 

3.  Functional  Contribution  of  Cortical  Monoamines.   Selective  depletion  of 
neurotransmitters  in  a  specific  region  of  the  brain  has  been  accomplished 
by- intracerebral  injections  of  specific  neurotoxins  into  a  circumscribed 
region  of  the  cerebral  cortex  in  monkeys  trained  to  perform  tasks  dependent 
on  the  functional  integrity  of  the  area  in  question.   For  these  studies,  we 
have  focused  on  the  dorsolateral  prefrontal  cortex  because  of  its  selective 
role  in  the  mediation  of  spatial  delayed-response  problems  which  can  be 
reliably  measured  and  also  because  this  area  of  cortex  is  characterized  by 
notably  high  levels  and  rates  of  synthesis  of  catecholamines,  particularly 
dopamine.   Following  intracerebral  microinjections  which  were  intended  to 
cause  relative  depletion  of  noradrenaline  (6-OHDA) ,  dopamine  (6-OHDA  plus 
systemic  desmethylimipramine)  serotonin  (5,6-dihydroxytryptamine)  as  well 
as  Injections  of  saline,  monkeys  were  tested  on  delayed  alternation 
visual  discrimination  problems  in  a  manner  identical  to  preoperative 
training.   They  were  additionally  tested  under  the  influence  of  various  drugs 
selected  for  their  properties  as  catecholamine  agonists  or  stimulants.   At 
the  completion  of  postoperative  testing,  each  animal  was  sacrificed  and  its 
brain  dissected  for  subsequent  cation  exchange  chromatography  and  fluorl- 
metric  assay  of  serotonin,  5-HIAA,  dopamine  and  noradrenaline.   The  major 
finding  so  far  obtained  is  that  depletion  of  dopamine  but  not  that  of 
norepinephrine  or  serotonin  causes  severe  impairment  in  delayed  alternation 
performance.   Of  particular  significance,  the  deficit  can  be  reversed 
pharmacologically  with  the  dopamine  precursor,  L-DOPA.   These  findings 
provide  the  first  evidence  of  a)  a  specific  role  of  a  neurotransmitter  in  a 
specific  cortical  function  and  b)  a  promising  basis  for  the  study  of  the 
therapeutic  possibilities  of  drugs  in  recovery  from  cortical  brain  damage 

or  biochemical  deficiencies. 

4.  Alteration  of  Monoamines  Following  Brain  Damage.   To  investigate  the 
hypothesis  that  the  developing  brain  reacts  differently  to  damage  than  a 
fully  mature  brain,  levels  and  synthesis  rates  of  monoamines  in  various 
cortical  structures  have  been  measured  eight  months  following  bilateral 
orbital  prefrontal  lesions  in  infant  and  adult  monkeys.   The  monoamine  levels 
and  synthesis  rates  have  been  compared  to  data  from  normal  animals  of  the 
same  age  group.   Two  major  differences  in  response  to  damage  have  so  far 
been  observed  between  infant-lesioned  and  adult-lesioned  animals:  a)  At  the 
site  of  damage,  there  is  an  increase  in  catecholamine  synthesis  in  infant 
brains,  and  a  decrease  in  synthesis  in  adult  brains,   b)  In  thalamus  of 

the  infant-lesioned  brain,  there  is  an  increase  in  dopamine  content  and  a 
50%  decrease  in  serotonin  synthesis  rate.   A  different  response  occurs  in 
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the  thalamus  of  adult-lesioned  brain.   Here  dopamine  content  does  not  in- 
crease and  the  serotonin  synthesis  rate  increases  200%.   Further  work  is  in 
progress  to  identify  the  biochemical  alterations  that  occur  following  brain 
damage.   The  findings  from  such  studies  may  eventually  suggest  a  pharma- 
cological approach  to  ameliorating  some  of  the  symptoms  following  brain 
injury  in  the  young  and  the  old. 

Prenatal  and  Postnatal  Genesis  ^d  Plas1;icity 
of  Connections  in  the  Developing  Primate  Brain 

The  twofold  purpose  of  this  research  is  to  study  the  prenatal  genesis  and 
postnatal  differentiation  of  normal  connections  in  the  brain  of  an  infra- 
human  primate,  and  to  search  for  evidence  of  anomalous  pathways  resulting 
from  early  brain  injury  that  may  be  involved  in  sparing  or  recoyery  of 
function  in  primates. 

To  accomplish  these  goals,  which  are  interrelated,  rhesus  monkeys  of  different 
fetal  and  postnatal  ages  are  subjected  to  various  neurosurgical  procedures. 
For  intrauterine  surgery,  a  pregnant  rhesus  monkey  carrying  a  fetus  of  known 
gestational  age  is  subjected  to  a  laparotomy  and  hysterotomy,  the  fetus  is 
exposed  through  the  uterine  incision,  neurosurgery  is  performed  on  the  fetus 
and  it  is  returned  to  the  uterus  and  allowed  to  survive  for  several  days, 
weeks  or  months  and  often  until  term  as  required  by  particular  investigations. 
Surgical  procedures  performed  on  both  fetuses  and  postnatal  animals  include 
injections  of  radioactive  isotopes  for  tracing  efferent  projections, 
horseradish  peroxidase  (HRP)  for  both  efferent  and  afferent  axonal  transport 
and  finally,  surgical  resections  of  brain  tissue  have  been  performed  on 
fetuses  with  subsequent  recovery  of  healthy  specimens  at  term  by  Caesarean 
section.   After  varying  time  intervals  the  brains  are  subsequently  processed 
by  autoradiographic  and  histochemical  procedures.   Often  multiple  procedures 
are  performed  either  simultaneously  (double  labeling  of  HRP  and  labeled 
amino  acids)  or  successively  (surgical  resection  prenatally,  isotope 
injection  postnatally) . 

Two  major  projects  have  been  conducted  this  year  on  the  following  topics: 
A)  Prenatal  Genesis  of  Frontal-Lobe  Connections  and  B)  Rearrangement  of 
Connections  following  Brain  Injury. 

Prenatal  Genesis  of  Frontal-Lobe  Connections.   In  previous  studies  we 
discovered  that  the  associational  and  commissural  efferents  of  the  frontal 
cortex  in  newborn  monkeys  terminate  in  distinct  columnar  patterns  similar  in 
certain  respects  to  thalamo-cortical  projections  in  sensory  systems.   The 
projections  of  the  frontal  cortex  upon  the  neostriatum  were  also  found  to  be 
stereometrically  organized,  particularly  in  the  head  of  this  nucleus. 
Studies  of  other  investigators  on  the  genesis  of  connections  in  the  visual 
system  have  revealed  that  initially  thalamo-cortical  fibers  are  not 
segregated  into  columns  as  they  are  in  the  mature  brain  but  instead  are 
intermixed,  both  at  the  level  of  the  lateral  geniculate  body  as  well  as  in 
layer  IV  of  the  primary  visual  cortex.   Segregation  into  separate  territories 
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begins  only  during  the  second  half  of  gestation,  continues  in  the  immediate 
postnatal  period  and  is  not  completed  until  about  three  weeks  of  age.  It  is 
not  known  whether  columniation  in  the  projections  of  the  frontal  lobe  develop 
in  the  same  way.   Since  such  connections  belong  to  a  different  class  (cortico- 
cortical,  cortico-subcortical  rather  than  thalamo-cortical)  and  arise  from 
an  entirely  different  part  of  the  brain  it  is  of  some  interest  to  determine 
whether  the  development  of  this  class  of  nonsensory  connections  obeys  the 
same  principles  and  rules  of  development  as  sensory  neurons .   Thus ,  the 
following  questions  have  been  addressed: 

1)  What  is  the  time-table  of  and  sequence  of  development  of  associational, 
callosal,  and  cortico-subcortical  (cortico-striatal,  cortico- thalamic, 
cortico-pontine,  cortico-bulbar,  cortico-spinal)  connections  in  the  central 
nervous  system  of  primates? 

2)  Do  diffuse  terminations  precede  columnar  distribution  of  efferents  in 
cortical  and  subcortical  targets  of  frontal  association  efferents  as  they 
do  in  the  development  of  connections  in  the  visual  system?   If  so,  what  is 
the  time-table  of  appearance  of  such  columns  in  the  various  target  areas? 

3)  When  do  thalamo-cortical,  and  meso-cortical  connections  of  the  frontal 
lobe  development  and  what  is  the  interaction  if  any  between  the  maturation 
of  descending  and  ascending  projections? 

To  answer  these  assorted  questions,  fetal  monkeys  ranging  in  age  from  84  to 
124  days  of  gestation  (which  in  rhesus  monkey  lasts  165  days)  have  been  in- 
jected with  tritiated  amino  acids,  horseradish  peroxidase  or  a  combination 
of  the  two  into  the  prospective  dorsolateral  prefrontal  cortex  at  selected 
gestational  ages.   The  fetuses  were  replaced  in  utero  and  following  a  period 
ranging  from  1-3  days,  they  were  delivered  by  Caesarean  section  and  perfused 
through  the  heart  with  appropriate  fixatives  for  subsequent  processing  for 
autoradiography  or  horseradish  peroxidase  histochemistry  or  both. 

Results  are  not  yet  available  from  these  studies  due  to  the  long  time 
required  for  processing  of  brain  tissue  for  autoradiography.   However,  pre- 
liminary findings  indicate  that  the  studies  have  succeeded  technically. 

Rearrangement  of  Connections  Following  Brain  Injury.   Rearrangement  of 
synaptic  connections  is  potentially  the  most  important  biological  mechanism 
underlying  recovery  of  function  following  brain  injury.   Most  of  the  evidence 
for  such  rearrangement  in  mammals  has  been  obtained  from  studies  involving 
focal  ablation  of  sensory,  motor  and  limbic  structures  in  both  developing 
and  mature  rodents  and  carnivores.   It  is  not  known,  however,  whether  and 
to  what  degree  such  neuronal  plasticity  can  occur  in  the  primate  brain  at 
maturity  or  at  any  stage  of  development.   Primates,  including  man,  exhibit 
remarkable  sparing  of  behavioral  function  following  circumscribed  brain 
injuries,  particularly  those  occurring  early  in  life.   Knowledge  of  the 
capacity  for  axonal  redistribution  in  this  species  is  essential  for  under- 
standing the  mechanisms  of  both  reversible  and  permanent  consequences  of 
brain  damage  in  man. 
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To  analyze  the  possibilities  for  neuronal  rearrangements  in  a  primate, 
unilateral  resection  of  the  frontal  lobe  in  the  region  of  the  prospective 
dorsolateral  prefrontal  cortex  was  performed  on  a  fetal  rhesus  monkey  6 
weeks  prior  to  birth  on  the  119th  embryonic  day.   The  fetus  was  exteriorized 
following  laparotomy  and  hysterotomy.   Cortical  tissue  in  the  inferior  bank 
of  the  primordial  arcuate  sulcus  and  in  both  banks  of  the  developing 
principal  sulcus  as  well  as  all  cortex  lying  on  the  dorsal  convexity 
superior  to  the  principal  sulcus  was  ablated.   After  the  resection  was 
completed,  the  fetus  was  returned  to  the  uterus  and  subsequently  delivered 
around  term  which  on  the  average  occurs  at  E165.   On  the  5th  postnatal  day, 
a  single  injection  of  a  mixture  of  -^H-proline  and  -'H-leucine  (  35{iC/pl)  was 
placed  in  the  middle  of  the  dorsal  rim  of  the  principal  sulcus  in  the 
hemisphere  opposite  to  that  resected  prenatally.   One  week  later  the  monkey 
was  sacrificed,  its  brain  embedded  in  paraffin,  sectioned  at  10  p  and 
processed  for  autoradiographic  analysis  of  axonally  transported  radioactive 
label.   Two  additional  monkeys  that  had  not  undergone  prior  surgical 
procedures  were  injected  with  similar  quantities  of  tritiated  amino  acids 
into  the  same  region  of  cortex  at  5  days  and  sacrificed  one  week  later. 
Autoradiograms  from  these  animals  provided  data  on  normal  prefrontal 
connections  in  neonatal  monkeys . 

When  the  dorsolateral  prefrontal  cortex  in  one  hemisphere  of  a  rhesus  monkey 
is  resected  6  weeks  before  birth  and  the  fetus  survives  to  postnatal  ages, 
neurons  of  the  corresponding  cortex  in  the  unoperated  hemisphere  issue  a 
greatly  expanded  projection  to  the  contralateral  caudate  nucleus  in  addition 
to  a  normal  projection  to  the  ipsilateral  caudate.   The  enhancement  of  the 
crossed  prefronto-caudate  pathway  following  prenatal  neurosurgery  provides 
the  first  direct  evidence  for  lesion- induced  neuronal  rearrangement  in  the 
primate  telencephalon. 

The  dramatic  structural  rearrangement  described  is  relevant  to  the  evidence 
for  sparing  or  recovery  of  function  following  brain  damage  incurred  during 
early  stages  of  development,  particularly  for  lesions  sustained  unilaterally. 
The  finding  in  a  primate  that  neurons  from  an  intact  neocortex  of  one 
hemisphere  can  expand  their  terminal  distribution  to  structures  of  a  damaged 
hemisphere  may  provide  a  long  awaited  clue  to  a  possible  neural  mechanism 
for  sparing  of  associative  and  linguistic  competence  following  unilateral 
brain  damage  or  hemispherectomy  in  man. 
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Annual  Report  of  the 

Laboratory  of  Psychology  and  Psychopathology 

National  Institute  of  Mental  Health 

October  1,  1977  to  September  30,  1978 

Herbert  Weingartner,  Ph.D.,  Acting  Chief 

During  the  past  year  we  1)  had  the  opportunity  to  systematically  examine 
past  research  efforts  (Laboratory  Review) ;  2)  expand  the  research  efforts  in 
the  LPP;  and  3)  plan  some  of  the  new  directions  and  structure  of  the  Laboratory. 

The  Laboratory  was  reviewed  by  the  NIMH  Board  of  Scientific  Counselors  at 
the  end  of  March,  1978.  This  required  LPP  investigators  to  prepare  critical 
reviews  of  their  past  research  efforts.   As  such,  it  provided  an  excellent 
opportunity  for  a  systematic  evaluation  and  review  of  our  research  programs. 
The  use  of  a  Board  of  Scientific  Counselors  with  its  considerable  expertise 
clearly  facilitated  such  a  process.  The  review  process  was  also  useful  for 
planning  new  programs  and  integrating  our  efforts  more  effectively  with  other 
programs  of  the  IRP. 

During  the  past  year,  the  Laboratory  moved  its  offices  from  Building  10  to 
Building  31.   This  was  disruptive  and  created  some  problems,  e.g.,  administra- 
tive offices  in  Building  31;  laboratories  and  study  populations  in  Building  10; 
but  these  have  generally  been  solved  in  a  satisfactory  manner. 

During  the  past  year,  LPP  investigators  have  been  more  productive  both  in 
terms  of  their  efforts  in  familiar  research  areas,  as  well  as  in  terms  of 
exploring  new  directions  for  clinical  and  basic  research. 

The  members  of  the  LPP  have  begun  to  plan  and  rebuild  the  Laboratory.   We 
have  met  regularly  to  share  research  findings  and  plan  future  directions  and 
structure  of  the  LPP.   This  has  involved  issues  of  areas  of  research  focus, 
resources,  relationship  to  other  ongoing  programs,  relationships  to  institutions 
outside  of  the  NIH,  as  well  as  other  concerns  that  might  define  the  future  of 
our  Laboratory. 

The  following  is  a  summary  of  some  of  the  research  efforts  of  the  Labora- 
tory of  Psychology  and  Psychopathology: 

Genetic  and  other  factors  that  predict 
vulnerability  for  psychiatric  illness 

Research  efforts  that  might  define  patients  at  risk  for  schizophrenia  or 
other  psychiatric  illnesses  have  been  of  continued  interest  in  LPP.   Part  of 
this  research  has  also  Involved  issues  of  definition  of  diagnostic  categories 
and  their  validity,  reliability,  and  precision. 
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One  aspect  of  this  research  Includes  studies  which  are  concerned  with 
1)  an  hypothesis-oriented  analysis  of  the  literature  on  heredity  and  environ- 
ment In  schizophrenia;  2)  an  Intensive  multldlsclpllnary  study  of  a  family  with 
MZ  quadruplets  (daughters)  concordant  as  .to  schizophrenia  but  discordant  as  to 
severity  and  outcome;  3)  studies  of  adoptees  and  their  biological  and  adoptive 
families;  and  4)  a  study  of  children  (of  schizophrenic  and  control  parents) 
reared  in  town  or  kibbutz  in  Israel. 

The  objective  of  this  project  is  to  understand  how  hereditary  and  environ- 
mental factors  interact  to  make  for  schizophrenic  outcomes  of  varying  types  and 
degrees.   The  studies  indicate  that  hereditary  factors  contribute  to  the  devel- 
opment of  schizophrenia  and  to  other  disorders  that  we  include  in  a  group 
called  the  schizophrenia  spectrum.  Preliminary  findings  indicate  that  offspring 
of  schizophrenics  have  more  neuropathological  signs  in  childhood  than  do 
controls. 

It  is  significant  to  bio-medical  research  and  the  program  of  the  Institute 
that  we  have  resolved  a  chronic,  critical  problem  in  psychiatry  by  demonstrating 
beyond  any  reasonable  doubt  that  genetic  factors  are  importantly  involved  in 
the  etiology  of  schizophrenia  and  related  mental  disorders.   Moreover,  the 
evidence  thus  far  suggests  that  the  mode  of  genetic  transmission  is  polygenic 
or  a  dominant  single  gene  with  polygenic  modifiers. 

Other  studies  have  involved  the  use  of  psychological  and  biological  factors 
or  determinants  as  predictors  of  vulnerability  for  psychiatric  illness.   Some 
of  this  research  has  revealed  how  neuroanatomical  abnormalities,  MAO  levels, 
or  personality  types  might  relate  to  schizophrenia. 

For  example,  20  schizophrenics  were  administered  a  CAT  scan,  and  four  were 
found  to  have  mild  cerebral  atrophy.   These  patients  were  in  the  age  range  25 
to  35,  and  no  reason  for  such  atrophy  could  be  determined.   When  matched  with 
schizophrenic  controls  without  CAT  scan  abnormalities,  these  patients  were 
found  to  have  more  abnormalities  on  the  Halstead-Reltan  battery,  so  these  mild 
radiographic  signs  may  in  fact  be  significant. 

A  series  of  studies  have  explored  the  relationships  among  personality, 
biochemical,  and  psychophysiological  variables  in  college  students.   The 
findings,  to  date,  are:   1)  Most  students  with  extreme  scores  on  the  Minnesota 
Multiphasic  Personality  Inventory  also  met  the  new  Research  Diagnostic  Criteria 
for  psychiatric  problems,  particularly  affective  disorders.   2)  When  students 
are  classified  into  biologically  homogeneous  groups  defined  by  monoamine  oxidase 
and  average  evoked  potential  augmenting/reducing  individuals  meeting  criteria 
for  psychopathology  are  predominately  in  two  groups:   low  MAO /augmenting  and 
high  MAO/  reducing.   3)  Overall,  this  project  suggests  that  screening  non- 
hospitalized  populations  yields  relatively  large  numbers  of  people  with  psycho- 
pathology,  previously  untreated  and  undiagnosed.   These  individuals,  moreover, 
show  biological  parallels  to  psychiatric  patients  with  respect  to  MAO  and  the 
average  evoked  potential  measures.   On  the  basis  of  these  data  we  are  developing 
the  hypothesis  that  an  MAO/average  evoked  potential  interaction  is  predictive 
of  nonspecific  vulnerability  to  psychiatric  problems.   A  follow-up  of  the 
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student  participants  In  this  study  Is  under  way  to  determine  If  Individuals 
developing  problems  over  the  last  18  months  are  In  the  low  MAO/augmentlng  or 
the  high  MAO/reduclng  groups. 

Other  research  conducted  in  our  laboratory  is  concerned  with  the  study  of 
brain  MAO  in  animal  preparations  within  a  framework  of  genetics  and  behavior 
research.   Brain  MAO  activity  was  measured  in  the  brains  of  female  and  male 
animals  of  a  genetically  heterogeneous  strain  at  100,  200,  300,  and  400  days 
old  using  PEA,  5-HT  and  tyramine  as  substrates.   Brain  MAO  activity  remained 
constant  across  all  age  groups  when  PEA  and  5-HT  were  used  as  substrates,  but 
a  sharp  decrease  in  tyramine  deamination  was  observed  in  the  brains  of  400-day- 
old  subjects.   Two  different  forms  of  MAO  have  been  postulated,  based  on  studies 
of  selective  inhibitors  and  substrate  specificity.   The  inhibitors  clorgyline 
and  deprenyl  can  be  used  to  distinguish  between  the  two  hypothesized  forms  of 
MAO  by  the  presence  of  a  biphasic  inhibition  curve  when  concentration  of 
inhibitor  is  plotted  against  percentage  of  total  activity.   The  level  of  the 
plateau  in  the  biphasic  curve  can  be  used  as  an  indication  of  the  amount  of 
forms  A  and  B  in  the  sample  assayed.   In  the  different  age  groups,  a  shift  in 
the  location  of  the  inhibition  plateau  is  not  obvious,  but  the  definition  of  a 
clearly  biphasic  curve  is  diminished  as  the  age  of  the  animals  increases.   This 
variation  in  activity  may  be  due  to  deterioration  of  the  enzyme  binding  site, 
loss  of  tyramine  affinity  due  to  inhibition  or  competition  from  increases  in 
endogenous  substances  in  the  brain  with  aging.   This  age  study  is  being  repeated 
with  the  addition  of  a  group  of  500-day-old  subjects  and  an  increase  in  the 
emphasis  on  factors  accompanying  aging  which  may  affect  changes  in  MAO  activity. 
Liver  MAO  activity  will  also  be  measured  to  see  if  changes  in  age  parallel 
those  found  in  the  brain. 

It  was  found  that  there  are  different  levels  of  MAO  activity  in  the  brain 
homogenates  from  selected  inbred  strains  of  mice  using  PEA,  5-HT  and  tyramine 
as  substrates.   The  possibility  of  a  classical  Mendelian  pattern  of  inheritance 
is  being  studied  in  F-j^,  Fo,  and  backcross  generations  using  inbred  lines 
selected  from  the  previous  study.   Several  parameters  which  could  explain  the 
differences  in  inbred  strain  means  for  MAO  activity  are:   different  isozymes, 
variation  in  amount  of  enzyme,  hormone-mediated  differences  or  cofactor  vari- 
ation, but  little  is  known  at  present  about  micro-  or  macroenvironmental 
determinants  of  MAO  activity. 

Other  studies  have  explored  issues  related  to  the  precision  with  which 
diagnoses  are  made  and  discriminated  from  other  diagnostic  entities.   This  has 
included  studies  where  simulated  schizophrenia  is  discriminated  from  patient 
populations  known  to  be  schizophrenic.   The  studies  found  that  psychiatrists 
identified  24  of  27  subjects  (15  "actors,"  12  patients)  correctly  on  the  basis 
of  a  1/2  hour  interview.   In  an  effort  to  determine  how  other  groups  of  psychia- 
trists and  non-psychiatrists  accomplish  this  descrimination,  we  have  shown 
segments  of  the  videotapes  of  these  clinical  interviews  to  groups  of  raters 
and  are  now  analyzing  the  results.   Further  efforts  will  be  directed  at  deter- 
mining the  means  by  which  psychiatrists  make  their  diagnostic  decisions. 
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Some  of  the  research  In  the  laboratory  has  examined  the  role  of  the 
autonomic  nervous  system  and  of  attentlonal  processes  In  psychopathology. 
These  studies  have  attempted  to  behavlorally  characterize  patients  and  then 
predict  outcome  of  treatments  or  diagnostic  subgroups.   For  example,  schizo- 
phrenic patients  compared  to  normal  controls,  show  greater  ANS  activity  (as 
measured  by  skin  conductance  and  heart  rate)  under  resting  conditions,  smaller 
phasic  and  tonic  Increments  In  arousal  to  stimuli  and  tasks,  slow  habituation 
and  deficits  in  attention.   This  pattern  is  similar  to  previous  findings  with 
chronic  schizophrenics.   More  importantly,  this  pattern  of  ANS  activity  was 
a)  most  characteristic  of  patients  who  suhsfqi^ently  showed  little  clinical 
improvement  compared  to  those  who  did  improve,  and  b)  changed  surprisingly 
little  with  improvement,  suggesting  that  it  is  reflecting  a  "trala"  which  is 
related  more  to  prognosis  than  to  clinical  state.   In  a  current  study,  similar 
m.easurements  are  being  made  on  schizophrenics  when  drug-free  and  also  when  on 
controlled  trials  of  various  experimental  medication  and  on  kidney  dialysis. 

Other  research  has  explored  the  relationship  of  monoamine  oxidase  activity, 
personality,  ANS  activity,  and  perceptual  task  performance  in  97  normals. 
Enzyme  activity  was  related  positively  to  ANS  activity  and  negatively  to  the 
trait,  "sensation  seeking."  The  relationships  of  ANS  and  monoamine  oxidase 
activity  have  been  partially  confirmed  in  a  group  of  schizophrenic  patients  as 
well.   Further  analyses  using  a  method  of  confirmatory  factor  analysis  are  in 
progress. 

New  methods  for  studying  attention  based  on  reaction  time  techniques  are 
being  developed.   In  one  we  are  assessing  attentional  fluctuations  while  sub- 
jects are  listening  to  speech,  and  in  the  other,  we  will  be  studying  the 
deployment  of  attention  among  sensory  modalities. 

Other  research  efforts  In  this  area  have  shown  that  personality  factors 
such  as  introversion  and  neuroticlsm  dimensions  have  proved  significant  In 
terms  of  EDR  amplitude  and  recovery  and  rise  time  measures.   For  tonal  inten- 
sities varying  between  60  and  100  dB,  Introverted  as  compared  to  extraverted 
Ss  show  significantly  greater  amplitude  of  response  and  faster  rise  and  recovery 
times.   The  same  pattern  of  results  is  found  for  low  as  compared  to  high 
neuroticlsm  groups  for  recovery  and  rise  time  measures.   These  findings  are 
Important  because  they  support  the  notion  of  clear-cut  differences  in  neuro- 
physiologlcal  arousal  for  personality  groups  undergoing  mildly  stressful 
environmental  stimulation.   Such  findings  provide  support  for  the  expectation 
that  personality  has  some  Influence  on  the  diversity  of  psychophysiological 
responsivity  shown  for  psychiatric  groups. 

The  data  relating  personality  to  auditory  threshold  performance  indicate 
that  contrary  to  previous  studies,  extraverslon  and  sensation-seeking  measures 
appear  to  have  a  very  limited  Influence  on  absolute  auditory  threshold.   That 
is,  these  measures  show  moderate  but  nonsignificant  correlations  with  threshold 
performance.   Important,  though,  is  the  finding  that  impulsivlty  (as  indexed 
by  several  different  measures)  shows  a  significant  relationship  with  absolute 
threshold.   This  finding  is  of  interest  because  it  suggests  that  for  certain 
nervous  system  properties  (e.g.,  strength-sensitivity),  trait  measures  may  be 
more  important  than  higher-order  factors  (i.e.,  composites  of  different  traits 
like  impulsivlty,  anxiety,  activity  level,  sociability,  etc.)  such  as 
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extraversion  or  sensation  seeking.   Impulsivity  is  a  common  trait  underlying 
extraversion  and  sensation-seeking  dimensions. 

Cognitive  studies 

The  studies  in  this  area  have  explored  the  basic  mechanisms  that  deter- 
mine the  perception,  storage,  learning,  memory  and  retrieval  of  experience. 
These  efforts  are  aimed  at  integrating  psychological  and  biological  approaches 
to  the  study  of  cognitive  mechanisms.   To  do  so,  studies  have  been  explicitly 
designed  to  define  together  biological  and  psychological  processes  that  account 
for  1)  drug-altered  cognition,  2)  normal  information  processing,  and  3)  disrup- 
tion in  normal  cognition  as  seen  in  various  psychiatric  disorders.   The  study 
of  disordered  cognition  is  viewed  as  an  important  framework  for  exploring 
normal  cognitive  mechanisms  while  at  the  same  time,  the  use  of  contemporary 
cognitive  theory  is  viewed  as  an  important  strategy  for  defining  psychopatho- 
logical  and  drug-altered  states  in  man. 

Some  of  the  research  efforts  have  been  directed  to  the  study  of  size 
constancy  and  perceptual  judgments  in  children.   For  example,  it  was  found 
that  infants  of  two  to  three  months  of  age  are  able  to  respond  to  the  invar- 
iant real  shape  of  an  object  in  spite  of  variations  in  slant  and  projective 
shape.   Some,  but  not  all,  of  the  evidence  indicates  that  infants  of  this 
early  age  are  capable  of  forming  veridical  three-dimensional  percepts  of 
objects. 

Other  research  has  explored  the  specific  ways  in  which  cognitive  processes 
are  altered  in  Huntington's  Disease,  in  contrast  to  other  organic  dementias, 
such  as  Alzheimer's  Disorder,  and  senile  psychosis.   This  research  has  related 
neuropathology  to  specifics  of  encoding,  memory  consolidation  and  the  retrieval 
of  experience.   Characteristics  of  learning  in  man,  cognition,  consolidation 
and  encoding  have  also  begun  to  be  understood  in  patients  with  disturbances  in 
mood  and  in  schizophrenic  disorders. 

We  have  also  developed  a  framework  for  studying  the  neuropharmacology  of 
memory  and  learning.   For  example,  we  have  found  that  changes  in  cholinergic 
functioning  (using  drugs  such  as  physostigmine,  arecholine,  choline  chloride) 
produce  specific  enhancements  of  cognitive  functioning  in  normal  controls. 
The  effects  of  these  drugs  are  similar  to,  but  in  the  opposite  direction  from, 
those  which  are  evident  when  drugs  that  inhibit  cholinergic  functioning  (e.g., 
scopalomine)  are  administered.   These  drugs  also  determine  state-dependent 
storage  and  state-dependent  retrieval  of  information  by  affecting  the  qualita- 
tive features  of  what  is  stored  and  how  events  are  retrieved  from  memory. 
Drugs  that  affect  dopaminergic  activity  also  enhance  learning-memory-cognition 
in  normal  adults,  normal  children,  hyperactive  children,  and  depressed  patients, 
but  these  cognitive  effects  appear  systematically  different  in  respect  to 
underlying  psychobiological  mechanisms  of  action.   This  research  represents  an 
important  step  forward  in  developing  psychobiological  theories  of  normal  human 
cognition  as  well  as  suggesting  new  therapeutic  strategies  for  affecting 
cognition  in  man. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  SOCIO-ENVIRONMENTAL  STUDIES 

NATIONAL  INSTITUTE  OF  MENTAL  HEALTH 

October  1,  1977  through  September  30,  1978 

Melvln  L.  Kohn,  Ph.D.,  Chief 

After  several  years  of  discussion  and  many  months  of  planning,  the 
Laboratory  moved  from  its  long-time  home  in  the  Clinical  Center  to  the 
main  NIH  office  building.  Building  31.   It  was  a  welcome  move,  to 
quarters  well  designed  for  our  research,  with  a  computer  facility 
optimum  for  our  ongoing  needs,  in  close  proximity  not  only  to  our  NIMH 
colleagues  in  the  Laboratory  of  Developmental  Psychology  and  the 
Laboratory  of  Psychology  and  Psychopathology,  but  also  close  to 
colleagues  in  the  National  Institute  of  Aging  and  the  National  Institute 
of  Child  Health  and  Human  Development .   Ihere  was  of  course  some  loss  of 
time  in  the  preparations  for  the  move  and  in  the  move  itself,  but  we  are 
now  well  settled  in  the  new  quarters  and  the  pace  of  research  is  brisk. 
Since  almost  all  of  our  research  is  in  a  data-analysis  phase,  the  fine 
computer  facility  is  especially  welcome. 

As  will  be  evident  in  the  reports  that  follow,  much  of  our  work 
this  past  year  has  been  devoted  to  the  exacting  task  of  creating  and 
testing  causal  models  that  assess  the  often-complex  interrelationships 
of  social  and  psychological  phenomena.   Ihls  research  is  based  on 
methods  so  new  that  our  own  needs  are  often  the  primary  stimulus  to 
specialists  who  are  developing  this  methodology.   I  think  it  no 
exaggeration  to  say  that  a  revolution  is  occurring  in  the  methodology  of 
the  social  sciences;  we  are  privileged  to  participate  in  that 
revolution. 

Psychometrlcians,  who  have  long  been  concerned  about  unreliability 
of  measurement,  have  recently  developed  effective  ways  of  constructing 
indices  that  are  essentially  free  of  measurement  error.   Econometricians 
meantime  have  developed  effective  procedures  for  assessing  the  direction 
of  causal  effects ,  modelling  complex  systems  that  include  such  processes 
as  reciprocal  effects  and  feedback  loops ,  a  vast  Improvement  over 
conventional  methods  that  divide  social  reality  into  variables 
arbitrarily  categorized  as  independent  and  dependent.   Sociologists 
cannot  afford  to  take  either  set  of  problems  for  granted,  and  so  have 
borrowed  from  the  strengths  of  both  disciplines  —  expropriating  from 
the  psychometrlcians  their  best  wisdom  about  measurement  and  from  the 
econometricians  their  best  wisdom  about  causal  modelling.   Ihe  most 
recent  and  most  exciting  advance  has  been  the  development  of  computer 
programs  that  combine  procedures  for  dealing  with  measurement  error 
(maximum-likelihood  confirmatory  factor  analysis)  and  with  causal 
modelling  (linear  structural  equations) .   Ihese  programs  have  been 
devised  mainly  by  the  mathematical  statistician,  Karl  Joreskog,  and  his 
associates  at  Uppsala. 
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OCCUPATIONAL  EXPERIENCE  AND  PSYCHOLOGICAL  FUNCTIONING 

The  principal  goal  of  this  research  —  conducted  by  Carmi 
Schooler ,  Joanne  Miller ,  Karen  Miller ,  and  Melvin  Kohn  —  is  to  assess 
the  reciprocal  relationships  between  occupational  conditions  and 
psychological  functioning. 

Ihe  research  began  in  1964  with  structured  interviews  with  a 
sample  of  3100  men,  representative  of  all  men  employed  in  civilian 
occupations  throughout  the  United  States.   In  1974,  we  secured  follow-up 
interviews  from  a  randomly  selected  one-fourth  of  the  men  who  had 
participated  in  the  original  survey.  Wherever  a  man  was  found  to  be 
presently  married,  a  nearly  identical  interview  was  conducted  with  his 
wife .   And  wherever  a  man  had  one  or  more  children  in  the  age-range  13 
through  25,  a  similar  interview  was  conducted  with  a  previously  selected 
child . 

One  essential  purpose  of  the  follow-up  study  was  to  provide  more 
definitive  data  about  causal  processes  than  could  be  provided  by  a 
single  cross-sectional  survey.  With  these  data,  we  hope  to  assess  with 
some  precision  the  magnitudes  of  the  reciprocal  effects  of  occupational 
conditions  and  various  facets  of  psychological  functioning.   The  study 
of  wives  is  designed  to  ascertain  whether  occupational  conditions  affect 
men  and  women  similarly.   These  data  should  also  enable  us  to  assess  the 
effects  of  men's  occupational  experiences  on  their  wives'  psychological 
functioning  and  of  women's  occupational  experiences  on  their  husbands' 
psychological  functioning,  in  each  case  taking  account  of  the 
individual's  own  occupational  experiences.   Ihe  study  of  children  is 
designed  for  exploratory  analyses  of  the  effects  of  parental 
experiences,  values,  and  practices  on  their  children's  psychological 
development,  as  well  as  of  children's  educational  and  occupational 
experiences  on  their  own  psychological  development . 

During  this  past  year,  our  major  research  efforts  have  been 
focused  on  three  objectives:   analyzing  the  longitudinal  data  for  men, 
to  assess  the  reciprocal  relationship  between  occupational  structure  and 
intellectual  flexibility;  estimating  the  effects  of  occupational 
conditions  on  the  psychological  functioning  of  women;  and  learning  what 
are  the  principal  determinants  of  men's  social  mobility. 

1.   Longitudinal  analysis  of  the  reciprocal  relationship  between 
men's  occupational  structure  and  intellectual  flexibility. 

In  last  year's  annual  report,  we  described  Kohn  and  Schooler's 
first  major  longitudinal  analysis.   That  analysis  focused  on  the 
reciprocal  relationship  between  one  pivotal  dimension  of  occupational 
structure,  the  substantive  complexity  of  work,  and  one  pivotal  dimension 
of  men's  psychological  functioning,  intellectual  flexibility.   Our 
choice  of  intellectual  flexibility  to  be  the  aspect  of  psychological 
functioning  assessed  in  that  analysis  was  made  in  part  because  it  offers 


80 


us  the  greatest  challenge  —  Intellectual  flexibility  obviously  affects 
recruitment  into  substantively  complex  Jobs,  and  there  is  every  reason 
to  expect  it  to  be  one  of  the  most  resistant  to  change  of  all  facets  of 
psychological  functioning  we  have  measured.  Moreover,  intellectual 
flexibility  is  so  important  a  part  of  psychological  functioning  that  we 
must  not  unthinkingly  assume  it  to  be  entirely  the  product  of  genetics 
and  early  life  experience.   Rather,  we  should  empirically  test  the 
possibility  that  Intellectual  flexibility  may  be  responsive  to  the 
experiences  of  adult  life. 

In  that  analysis,  we  developed  error-free  measurement  models  for 
both  substantive  complexity  of  work  and  intellectual  flexibility  and 
went  on  to  demonstrate  that  the  substantive  complexity  of  work  has  a 
decided  effect  on  intellectual  flexibility,  with  intellectual 
flexibility,  in  turn,  having  a  forceful  effect  on  the  substantive 
complexity  of  work.   But,  whereas  the  substantive  complexity  of  work  has 
an  ongoing,  contemporaneous  effect  on  intellectual  flexibility, 
intellectual  flexibility's  effect  on  substantive  complexity  is 
time-lagged . 

We  have  continued  to  focus  on  the  relationship  between  men's 
occupational  conditions  and  their  intellectual  flexibility,  but  have 
this  year  enlarged  the  causal  model  from  one  dimension  of  occupational 
structure,  the  substantive  complexity  of  work,  to  take  into  account 
other  important  dimensions  of  occupational  structure.   This  analysis 
focused  on  fourteen  occupational  conditions,  which  together  identify  a 
man's  place  in  the  organizational  structure,  his  opportunities  for 
occupational  self -direction,  the  principal  job  pressures  to  which  he  is 
subject,  and  the  principal  extrinsic  rewards  and  risks  built  into  his 
job.   We  call  these  "the  structural  imperatives  of  the  job." 
Specifically,  we  indexed  three  aspects  of  a  man's  place  in  the 
organizational  structure  —  ownership,  bureaucratization,  and 
hierarchical  position.   Occupational  self-direction  is  indexed  by 
substantive  complexity,  routinization,  and  closeness  of  supervision. 
The  job  pressures  considered  here  are  time-pressure,  heaviness, 
dirtiness,  and  the  number  of  hours  worked  in  the  average  week.   And  the 
extrinsic  risks  and  rewards  are  the  risk  of  losing  one's  job  or 
business,  the  probability  of  being  held  responsible  for  things  outside 
of  one's  control,  job  protections,  and  job  income. 

A  causal  model  depicting  the  reciprocal  effects  of  all  these 
dimensions  of  occupational  structure  and  intellectual  flexibility  is 
exceedingly  difficult  to  assess.   Not  only  is  the  model  extremely  large, 
but  the  relationships  among  the  occupational  conditions  themselves  are 
complex.   Thus,  we  must  recognize  that  the  individual's  place  in  the 
organizational  structure  —  as  defined  by  ownership,  bureaucratization, 
and  hierarchical  position  —  cannot  be  contemporaneously  affected  by  any 
other  dimension  of  occupation  or  by  intellectual  flexibility.   This  is 
def initially  true,  for  a  change  from  ownership  to  nonownership  or  the 
reverse,  or  from  a  more  bureaucratic  to  a  less  bureaucratic  firm  or 
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organization,  or  the  reverse,  or  from  a  higher  to  a  lower  position  in 
the  supervisory  hierarchy,  or  the  reverse,  signifies  a  change  in  job. 
Over-time  effects,  of  course,  are  possible,  for  they  can  entail  moving 
from  one  job  to  another. 

Ihe  one  a  priori  restriction  we  imposed  on  the  model  is  that  the 
contemporaneous  effects  of  ownership,  bureaucratization,  and 
hierarchical  position  on  intellectual  flexibility  can  only  be  indirect, 
mediated  through  more  proximate  occupational  conditions.  We  recognized 
that  some  other  contemporaneous  effects  are  improbable,  e.g.,  it  is 
difficult  to  see  how  time-pressure,  though  obviously  correlated  with 
heaviness  and  dirtiness,  could  either  cause  or  be  caused  by  them.  But 
it  seemed  wiser  to  impose  the  fewest  a  priori  restrictions  and  let  the 
data  determine  which  effects,  in  fact,  occur.  We  deliberately  imposed 
no  a  priori  restrictions  on  lagged  effects,  on  the  rationale  that  since 
people  can  change  jobs,  any  aspect  of  a  job  might  influence  the 
individual  to  change  to  another  job.   Ihus,  to  take  a  trite  example,  an 
individual  doing  heavy  or  dirty  work  might  be  prompted  to  open  a  small 
business.   Similarly,  intellectual  flexibility  at  an  earlier  time  might 
affect  any  aspect  of  occupation  at  a  later  time,  even  the  individual's 
place  in  the  organizational  structure. 

In  terms  of  its  direct  effects  on  intellectual  flexibility, 
substantive  complexity  is  clearly  the  most  important  occupational 
condition,  its  contemporaneous  effect  being  decidedly  greater  than  that 
of  any  other  occupational  condition.   Other  job  conditions  that  affect 
intellectual  flexibility,  albeit  to  a  smaller  extent,  are  income, 
rout inizat ion,  closeness  of  supervision,  heaviness  of  the  work,  being 
held  responsible  for  things  outside  one's  control,  and  time  pressure. 
Intellectual  flexibility  has  no  statistically  significant,  short-term 
(contemporaneous)  effect  on  any  occupational  condition.   But  its 
long-term  effects  are  impressive:   Greater  intellectual  flexibility  is 
conducive  to  working  at  jobs  of  greater  substantive  complexity,  with 
less  supervision  and  less  risk  of  losing  one's  job  or  business,  but  also 
with  fewer  job  protections. 

Ihese  direct  effects,  contemporaneous  and  lagged,  are  only  part  of 
the  story.   There  is  an  intricate  network  of  interrelationships  among 
occupational  conditions,  with  all  of  the  principal  job  conditions  linked 
to  one  another  and  thus,  ultimately,  to  intellectual  flexibility. 
Hierarchical  position,  for  example,  substantially  affects  substantive 
complexity,  income,  closeness  of  supervision,  and  job  protections,  most 
of  which  directly  affect  intellectual  flexibility  and  all  of  which  are 
linked  to  still  other  occupational  conditions  in  complex,  reinforcing 
chains.   Ihus,  substantive  complexity  in  turn  affects  the  probability  of 
being  held  responsible  for  things  outside  of  one's  control,  time 
pressure,  and  dirtiness;  and  closeness  of  supervision  affects 
substantive  complexity.   Bie  keystone  of  the  structure  is  substantive 
complexity,  which  directly  affects  or  is  affected  by  almost  all  other 
occupational  conditions.   Bureaucratization,  hierarchical  position. 
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supervision,  and  routinization  affect  substantive  complexity; 
substantive  complexity  affects  most  other  actual  working  conditions. 

We  thus  have  a  precise  assessment  of  how  occupational  structure 
affects  intellectual  flexibility  and  how  intellectual  flexibility,  in 
time,  affects  occupational  structure.   But  important  as  intellectual 
flexibility  is,  it  is  only  onu   facet  of  psychological  functioning.   In 
our  continuing  work,  we  are  currently  assessing  the  reciprocal 
relationships  between  occupational  structure  and  several  other  facets  of 
psychological  function  lag. 

2.   Assessing  the  effects  of  occupational  conditions  on  the 
psychological  functioning  of  women. 

Paid  emplojrment  is  a  part  of  the  lives  of  a  large  and 
ever-increasing  proportion  of  women,  yet  we  know  little  about  how 
women's  work  conditions  affect  their  psychological  functioning  and  how 
women's  psychological  functioning  in  turn  affects  their  conditions  of 
work.   The  purpose  of  Joanne  Miller,  Carmi  Schooler,  Melvin  Kohn,  and 
Karen  Miller's  research  is  to  analyze  how  the  principal  day-to-day  job 
conditions  experienced  by  women  influence  and  are  influenced  by  their 
intellectual  functioning,  self -conception,  and  social  orientation. 

Wherever  possible,  we  used  maximum-likelihood  confirmatory  factor 
analysis  to  separate  measurement  error  from  the  indices  of  principal 
concepts.   We  not  only  developed  measurement  models  of  occupational 
conditions  and  of  intellectual  flexibility  similar  to  those  developed 
for  the  analysis  of  men,  but  extended  the  range  of  psychological 
variables  to  include  the  intellectual  demandingness  of  leisure-tdme 
activities  and  several  facets  of  social  orientation  and  self -conception: 
authoritarian  conservatism,  criteria  of  morality,  receptivity  to  change, 
fatalism,  self-confidence,  self-deprecation,  and  anxiety. 

Although  all  of  the  structural  imperatives  of  the  job  have 
substantial  zero-order  correlations  with  one  or  another  aspect  of 
psychological  functioning,  these  work  conditions  are  so  highly 
interrelated  that  our  first  analytic  task  was  to  establish  which  of  them 
are  independently  related  to  each  psychological  variable,  when  other 
dimensions  of  work  experience  are  statistically  controlled.   Multiple 
regression  analyses  clearly  indicated  that  the  structural  imperatives  of 
the  job  have  substantial  and  meaningful  relationships  with  all  facets  of 
women's  psychological  functioning  that  we  have  examined.   Moreover,  all 
four  types  of  structural  imperatives  —  occupational  self-direction, 
organizational  locus,  job  pressures,  and  job  uncertainties  —  are 
independently  related  to  psychological  functioning.   The 
multiple-partial  correlations  for  each  type  of  job  condition  are 
generally  impressive.   Particularly  impressive  are  the  multiple 
correlations  for  the  entire  set  of  job  conditions. 
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We  also  needed  to  distinguish  the  Impact  of  occupational 
conditions  on  psychological  functioning  from  the  processes  of  selective 
social  recruitment  into  and  retention  in  particular  occupations.   To 
test  whether  the  relationships  between  occupational  conditions  and 
psychological  functioning  can  be  attributed  to  social  characteristics  of 
the  workers,  we  statistically  controlled  educational  attainment,  race, 
age,  national  background,  region  of  origin,  urban  origin,  religious 
background,  parental  education,  and  father's  occupational  status.  When 
we  did  this,  we  found  that  work  experiences  are  still  highly  related  to 
intellectual  functioning,  social  orientation,  and  self-conception;  the 
relationships  cannot  be  explained  as  resulting  from  social  selectivity 
on  the  basis  of  education  or  other  social  characteristics. 

The  general  magnitudes  of  the  relationships  between  job  conditions 
and  psychological  functioning  are  strikingly  similar  for  men  and  for 
women.   In  the  two  instances  where  the  overall  association  between 
occupational  conditions  and  psychological  functioning  can  be 
statistically  differentiated  by  sex  —  intellectual  flexibility  and 
self-confidence  —  the  relationship  is  stronger,  not  weaker,  for  women. 
There  is  no  evidence  that  employed  women  are  in  any  sense 
psychologically  disassociated  from  their  working  lives.   No  matter  what 
the  sex  of  the  worker,  job  conditions  that  encourage  occupational 
self -'direction  are  conducive  to  effective  intellectual  functioning, 
favorable  evaluations  of  self,  and  an  open  and  flexible  orientation  to 
others.   Job  conditions  that  constrain  opportunities  for  self-direction 
or  subject  the  worker  to  pressures  or  uncertainty  result  in  less 
effective  intellectual  functioning,  unfavorable  evaluations  of  self,  and 
a  rigid,  intolerant  social  orientation. 

The   magnitudes  of  the  relationships  between  occupational 
conditions  and  psychological  functioning  are  considerably  greater  than 
previous  analyses  had  shown.   The  reason  is  clear:  most  previous 
analyses  had  been  based  on  methods  that  did  not  take  account  of 
measurement  error.   In  this  instance,  improved  methodology  yields  a 
substantively  important  conclusion:   Ihe  relationships  between 
occupational  conditions  and  psychological  functioning,  for  women  and  for 
men  as  well,  are  not  only  "real",  they  are  very  substantial. 

Thus,  the  relationships  between  occupational  conditions  and 
psychological  functioning  are  meaningful  and  they  are  robust,  in  the 
sense  that,  in  the  main,  they  continue  to  be  statistically  significant 
even  when  subjected  to  exceedingly  stringent  statistical  controls.  We 
had  to  take  into  account  the  distinct  possibility,  though,  that  these 
relationships,  even  though  statistically  significant  for  the  sample 
taken  as  a  whole,  might  in  reality  be  conditional  on  women's  life 
circumstances  or  preferences.   If  this  were  the  case,  we  should  draw  a 
different  interpretation  of  the  nature  of  the  relationship  between  job 
conditions  and  psychological  functioning  than  if  job  conditions  affected 
all  women  similarly.   Six  variables  seemed  to  us  to  be  particularly 
pertinent  —  occupational  commitment,  the  presence  of  young  children  in 
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the  home,  full-time  versus  part-time  work,  a  preference  for  being 
employed  or  for  being  a  housewife,  financial  necessity,  and  the  woman's 
perceived  responsibility  for  contributing  to  family  income.  For  all 
these,  we  systematically  tested  the  possibilities  that  relationships 
between  job  conditions  and  psychological  functioning  may  be  conditional. 
Only  a  scattered  few  of  the  relationships' —  fewer  than  would  be 
expected  by  chance  ~  are  shown  to  be  conditional.  We  conclude  that 
these  occupational  conditions  affect  all  types  of  women  similarly. 
These  findings  should  dispel  any  belief  that  large  segments  of  the 
female  workforce  are  somehow  immune  to  occupational "e^xperiences  —  that, 
for  example,  mothers  of  young  children,  or  women  who  do  not  think  of 
themselves  as  having  careers ,  or  women  who  are  "only  working  to 
supplement  the  family  income"  are  insensitive  to  the  deleterious  effects 
•  of  routinized  work  or  are  unresponsive  to  the  mind-stretching  experience 
of  doing  substantively  complex  work.  Our  data  strongly  suggest  that  the 
major  dimensions  of  occupational  experience  are  related  to  the  same 
aspects  of  psychological  functioning  for  all  types  of  women,  whatever 
their  motives  for  working  or  the  other  circumstances  of  their  lives. 

Moreover,  we  have  been  able  to  show,  in  a  series  of  causal  models, 
that  some  key  occupational  conditions  have  an  actual  causal  effect  on 
intellectual  flexibility,  even  when  exceedingly  rigorous  statistical 
controls  are  imposed,  and  consistently,  in  models  making  a  number  of 
different  assumptions.  Although  we  had  to  make  further  assumptions  to 
solve  the  equations  for  models  depicting  the  relationships  between 
occupational  conditions  and  other  aspects  of  psychological  functioning, 
these,  too,  buttress  the  interpretation  that  occupational  conditions  are 
not  only  correlated  with,  but  actually  affect,  psychological 
functioning. 

Our  data  indicate  also  that  none  of  the  many  psychological 
variables  we  have  examined  has  a  significant  contemporaneous  effect  on 
occupational  conditions.   Ihus ,  it  would  seem  that  women  do  not  mold 
their  job  conditions,  at  least  in  the  short  run,  to  meet  their 
psychological  needs  and  preferences.   In  the  absence  of  longitudinal 
data,  however,  we  cannot  draw  firm  conclusions  about  longer-term 
processes . 

Despite  sex-role  definitions  that  have  traditionally  emphasized 
maternal  and  marital  responsibilities,  work  histories  that  are  likely  to 
be  interrupted,  and  part-time  patterns  of  work,  employed  women's 
intellectual  and  personality  development  are  directly  affected  by  their 
current  occupational  experiences.   This  focus  on  occupational  conditions 
is  not  to  deny  that  other  aspects  of  women's  lives  also  affect  their 
psychological  functioning;  our  findings  simply  show  that  women  are  not 
insulated  by  their  other  experiences,  past  or  present,  from  the  effects 
of  these  central  occupational  conditions.   Here,  clearly,  is  evidence 
that  conditions  of  adult  life  are  important  determinants  of 
psychological  functioning. 
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3>  Assessing  the  principal  determinants  of  men's  social  mobility* 

The  data  of  the  occupations  study  are  useful  also  for  the  study  of 
men's  social  mobility t   Carml  Schooler  has  used  the  data  to  extend 
existing  models  of  the  social -structural  determinants  of  status 
attainment,  by  broadening  not  only  the  range  of  variables  Included  in 
the  model,  but  also  the  temporal  scope*   Ihus ,  his  model  includes 
variables,  such  as  the  substantive  complexity  of  various  relevant  jobs, 
that  have  not  previously  been  examined  in  relation  to  status  attainment. 
In  addition,  it  is  extended  temporally  backwards  by  the  inclusion  of 
measures  of  both  grandfathers'  occupational  statuses.  And,  since  he  has 
Information  about  the  respondent's  1964  and  1974  jobs,  he  was  able  to 
extend  the  model  temporally  forward,  to  examine  the  determinants  not 
only  of  the  status  of  the  individual's  first  job,  but  also  of  subsequent 
jobs  in  his  career. 

Determinants  of  parental  status :   Schooler  found  that 
grandparents'  occupational  status  levels  have  significant  and  moderately 
strong  effects  on  their  children's  educational  levels,  with  the  paternal 
grandfather's  occupational  status  also  having  significant  direct  effects 
on  both  the  status  and  substantive  complexity  of  his  son's  occupation. 
This  provides  evidence  of  a  moderate  degree  of  status  inheritance  from 
the  respondent's  grandparents  to  his  parents. 

Determinants  of  respondent's  educational  attainment:   As  has  been 
shown  innumerable  times,  father's  occupational  status  affects  the 
educational  attainments  of  his  offspring;  the  findings  of  the  present 
study,  however,  raise  the  possibility  that  at  least  part  of  this  effect 
may  really  result  from  the  substantive  complexity  rather  than  the  status 
of  the  father's  job.   The  present  study  also  confirmed  earlier  findings 
that  family  structure  affects  educational  attainment.   Coming  from  a 
small  or  intact  family  increases  educational  attainment.   Both  mother's 
and  father's  education  levels  affect  that  of  their  son,  but,  even  for 
this  all-male  sample,  mother's  education  has  a  greater  direct  effect 
than  does  father's  education.  Among  social  background  variables,  only 
the  urbanicity  of  the  place  where  the  respondent  was  principally  raised 
has  a  significant  effect  on  educational  attainment. 

Determinants  of  occupational  status:   The  determinants  of  both  the 
status  and  the  substantive  complexity  of  the  first  full-time  job  the 
respondent  held  for  six  months  or  longer  are  the  same.   His  own 
educational  level  has  the  strongest  effects  on  both  the  status  and  the 
substantive  complexity  of  that  job.   Religious  background,  region  where 
he  grew  up,  and  his  father's  occupational  status  also  affect  both  job 
characteristics.  As  would  be  expected,  low  father's  occupational  status 
and  fundamentalist  religious  background  result  in  both  low  job  status 
and  substantively  simple  work  for  the  respondent.   On  the  other  hand, 
coming  from  a  region  far  from  the  South  results  in  lower  occupational 
status  and  less  substantively  complex  work.   These  effects  of  region  on 
both  occupational  status  and  substantive  complexity  are  not  those  that 
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would  have  been  predicted  on  the  basis  of  earlier  analyses  of  the 
relationship  between  region  and  psychological  functioning •  However, 
since  the  effect  of  region  on  occupation  takes  this  form  only  when 
education  and  the  other  background  variables  are  controlled,  the  present 
findings  are  congruent  with  those  of  Blau  and  Duncan,  who  note  that 
".••the  Southern  white  benefits  from  a  labor  market  that  Is  adapted  to 
the  educational  preparation  of  the  labor  force  that  serves  It,  allowing 
him  to  obtain  Jobs  from  which  he  might  well  be  barred  In  the  North  as  a 
result  of  his  educational  shortcomings."  Since  our  respondents  are 
likely  to  have  first  been  employed  In  the  region  where  they  grew  up ,  It 
Is  not  surprising  that  when  education  and  the  other  social  background 
variables  are  controlled,  Southern  origins  result  In  relatively  high 
status  and  substantively  complex  Jobs. 

When  Schooler  examined  the  determinants  of  the  status  and 
substantive  complexity  of  the  responsent's  1964  Job,  he  found  that 
educational  attainment,  father's  educational  attainment,  and 
respondent's  age  have  similar  effects  on  both  characteristics. 
Education  has  very  strong  effects  on  both  status  and  substantive 
complexity.  Although  the  younger  members  of  the  sample  tend  to  show 
greater  Intellectual  flexibility  and  to  have  more  flexible  and 
self-directed  values,  they  hold  lower  status  and  relatively  simple  Jobs. 
This  finding  probably  results  from  the  youngest  members  of  the  sample 
not  only  being  In  the  earlier  stages  of  their  careers,  but  also  being 
disproportionately  concentrated  In  Jobs  that  do  not  Involve  lengthy 
academic  training.   Ihe  members  of  their  cohort  who  will  eventually  be 
employed  In  substantively  complex  and  high-status  occupations  are  not 
Included  In  our  sample,  which  was  limited  to  men  who  were  employed  at 
the  time  of  the  1964  survey.  i 

Ihe  substantive  complexity  of  the  1964  Job  Is  affected  by  two 
background  variables  not  pertinent  to  the  status  of  that  Job:  urban 
upbringing  and  maternal  grandfather's  occupational  status.  Having  an 
urban  upbringing  and  a  relatively  high-status  maternal  grandfather  both 
result  In  the  respondent  being  employed  in  a  relatively  complex  Job. 
Ihis  direct  effect  of  maternal  grandfather's  status  on  Job  complexity, 
which  remains  significant  even  when  mother's  education  is  allowed  into 
the  model,  marks  the  only  significant  direct  effect  of  grandparental 
status  on  the  respondent's  educational  or  occupational  attainment.   The 
existence  of  this  effect  provides  tentative  evidence  that  work-relevant 
attitudes  have  been  transmitted  from  the  maternal  grandfather  through 
the  mother  to  the  grandson . 

The  status  and  substantive  complexity  of  the  first  job  do  not  have 
particularly  powerful  effects  on  either  the  status  or  the  substantive 
complexity  of  the  1964  job.   The  effect  of  early  occupational  status  on 
1964  status  is  only  half  as  great  as  that  of  education,  and  the  effect 
of  early  substantive  complexity  on  1964  substantive  complexity  is  less 
than  a  third  that  of  education.   Furthermore,  there  are  no  significant 
cross-effects  ;  early  substantive  complexity  does  not  affect  1964 
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occupational  status  and  early  occupational  status  does  not  affect  1964 
substantive  complexity. 

Probably  because  the  1974  job  is  ten  years  further  along  in  the 
respondent's  career,  none  of  the  background  variables  continues  to  have 
any  effect  on  its  status.   Instead,  all  of  the  significant  determinants 
of  this  job  are  the  results  of  the  respondent's  own  previous  attainment. 
Furthermore,  the  pattern  of  the  effects  of  earlier  attainment  on 
occupational  status  is  different  in  1974  from  what  it  was  in  1964. 
Thus,  although  the  stability  of  job  status  from  1964  to  1974  is  somewhat 
greater  than  that  from  the  first  job  to  the  1964  job,  the  direct  effect 
of  education  on  the  status  of  the  1974  job  is  less  than  half  of  its 
direct  effect  on  the  1964  job.   Even  more  striking,  the  path  from  the 
substantive  complexity  of  the  1964  job  to  the  status  of  the  1974  job  is 
substantial.   Even  the  substantive  complexity  of  the  first  job  has  a 
noticeable  direct  effect  on  the  status  of  the  1974  job.   Thus,  it  would 
appear  that  the  further  an  individual  progresses  in  his  career,  the  more 
important  is  the  substantive  complexity  of  earlier  jobs  and  the  less 
important  is  the  status  of  those  jobs  in  determining  his  current 
occupational  status. 

THE  EFFECTS  OF  ADULT  LIFE  CONDITIONS 

ON  SEX-ROLE  IDEOLOGIES  OF  FACTORY  WORKERS 

IN  INDUSTRIALIZING  SOCIETIES 

The  purpose  of  Karen  Miller's  study  is  to  examine  how  the  sex-role 
attitudes  of  men  in  developing  countries  are  affected  by  their 
experience  of  industrialization.   This  is  an  instance  of  how  personal 
change  is  associated  with  social  change.   The  study  focuses  on  some  of 
the  day-to-day  work  conditions  of  men  in  factories ,  and  assesses  the 
effects  of  different  aspects  of  this  industrial  work  experience, 
independent  of  other  potential  explanatory  factors,  on  personal  equal 
rights  ideologies.   The  study  is  in  a  sense  complementary  to  the 
Laboratory's  much  broader  study  of  occupational  effects  on  the 
psychological  functioning  of  U.S.   workers. 

The  data  used  in  this  analysis  are  derived  from  interviews  with  654 
male  factory  workers  in  seven  towns  and  cities  in  Bangladesh.   These 
data  were  obtained  in  1964/65  by  the  Project  on  Social  and  Cultural 
Aspects  of  Development,  directed  by  Professor  Alex  Inkeles,  then  at 
Harvard  and  now  at  Stanford  University.   Also  available  for  a  potential 
extension  of  the  present  analysis  are  comparable  data  from  five  other 
developing  nations  and  data  from  small  subsamples  reinterviewed  in  1970 
in  two  countries  —  Bangladesh  and  Israel. 

The  analysis  estimates  a  causal  model  of  the  effects  of  adult  life 
conditions  on  personal  sex-role  ideologies.   The  major  focus  is  to 
determine  the  independent  effects  of  three  work  conditions  —  skill 
level  of  the  job,  machine  contact  on  the  job,  and  the  modernity  of  the 
factory  environment  —  in  contrast  to  other  salient  life  conditions  such 
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as  educational  level,  Income,  consumer  goods  possessed,  and  exposure  to 
mass  media >  Also  In  the  model  are  Intellectual  functioning  and  social 
background,  either  of  which  might  also  have  Independent  effects  on 
sex-role  Ideologies. 

For  most  of  the  principal  concepts  in  the  analysis,  the  existence 
of  multiple  Indicators  makes  possible  the  use  of  maxlmun-llkellhood 
confirmatory  factor  analysis  for  developing  measurement  models •   Thus, 
sex-role  Ideology  Is  measured  by  five  Indicators,  measuring  attitudes 
toward  women  working,  equal  pay  for  equal  work,  women  holding  high 
political  office.  Integration  of  the  sexes  in  schools  and  workplaces, 
and  women's  rights  in  general.   The  index  of  factory  environment  is 
constructed  from  questions  about  the  factory's  offering  free  medical 
'care,  housing  facilities,  bonuses,  a  recreation  program,  a  library,  and 
other  benefits  such  as  paid  vacations  and  on-the-job  training,  and  an 
Independent  rating  of  the  factory's  overall  technical  and  personnel 
practices.   Skill  level  is  indicated  by  interviewer-rated, 
supervisor-rated,  and  respondent's  self-rated  skill  level.  Living 
standard  is  indicated  by  whether  or  not  the  respondent  possesses  each  of 
a  list  of  consumer  goods:  a  watch,  radio,  bicycle,  umbrella,  couch,  and 
flashlight.  Mass  media  exposure  is  indicated  by  frequency  of  newspaper 
reading  and  radio  listening.   And  one  of  the  intellectual  functioning 
variables  also  consists  of  multiple  indicators  —  ratings  of  answers  to 
six  questions  about  world  leaders  and  places  in  the  form  of  "Who  is 
...1"   and  "Where  is  ...?" 

Tb  estimate  the  model,  the  matrix  of  correlations  of  concepts  and 
single-item  indicators  was  used  to  do  a  series  of  multiple  regression 
analyses,  which  together  constitute  a  causal  model.   In  this  model, 
social  background  variables  (where  and  when  born,  father's  education  and 
father's  occupation)  are  allowed  to  affect  adult  life  conditions  and 
intellectual  functioning,  which  in  turn  are  allowed  to  affect  sex -role 
ideology.  Within  the  causal  ordering  imposed  by  the  model,  all  possible 
effects  are  estimated. 

The  most  striking  result  is  that,  of  all  the  adult  life  conditions 
in  the  model,  only  factory  environment  and  skill  level  of  the  job  have 
statistically  significant  direct  effects  on  sex-role  ideology. 
Mass-media  exposure,  living  standard,  and  educational  level  do  not  have 
statistically  significant  direct  effects,  nor  does  machine  contact  on 
the  job.   The  direct  effects  of  background  variables  and  intellectual 
functioning  are  also  not  statistically  significant,  with  the  one 
exception  of  father's  occupation.   In  that  case,  the  more  urban  the 
father's  occupation,  the  less  favorable  toward  women's  rights  is  the 
son.   The  nature  of  urban  occupations  in  Bangladesh  a  generation  ago 
might  explain  this  puzzling  result . 

Several  chains  of  indirect  effects  also  lead  through  both  factory 
environment  and  skill  level  to  sex-role  ideology.  Father's  educational 
level  affects  son's  educational  level,  which  in  turn  affects  the 
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likelihood  of  the  son  being  employed  in  a  modern  factory  environment 
(presumably  through  voluntary  or  involuntary  selection  of  respondents 
into  factories) .  Age  also  positively  affects  the  probability  of  being 
so  employed*   Thus  father's  education,  own  education  and  age  all  work 
indirectly  through  factory  environment  to  affect  sex-role  ideology. 
Variables  operating  indirectly  through  skill  level  are  age  and  father's 
having  had  an  urban  occupation,  the  latter  having  a  positive  indirect 
effect  while  its  direct  effect  is  negative. 

The  tentative  conclusion  Miller  draws  is  that  two  occupational 
conditions  —  high  skill  level  of  the  job  and  modern  factory  environment 
—  are  the  pivotal  aspects  of  industrialization  that  are  conducive  to 
the  belief  that  women  should  have  equal  rights .   Ihat  such  a 
relationship  between  occupational  experience  and  ideology  is  found  at  a 
particular  time  for  a  particular  sample  of  Bangladesh  factory  workers  is 
Interesting  in  itself.  However,  the  extension  of  the  analysis  to 
include  other  cultures  and  a  second  interview  for  some  of  the  same 
respondents  will  provide  a  more  rigorous  test  of  the  model • 

SOCIAL-STRUCTURAL  SOURCES  OF  STRESS 

Leonard  Pearlin's  research  examines  the  relationship  between 
social  experience  and  psychological  well-being.   It  looks  at  the 
enduring  problems  people  encounter  in  their  daily  lives  as  workers  and 
as  family  members,  at  the  gain  and  loss  of  roles  as  the  life-cycle 
unfolds,  and  at  sudden,  unexpected  crises  that  often  confront  people. 
Each  of  these  types  of  experience  is  examined  in  relation  to  symptoms  of 
emotional  distress.  Data  for  the  study  were  collected  at  two  times.   In 
1972  interviews  were  conducted  with  a  representative  cluster  sampie  of 
2300  adults  in  the  urbanized  area  of  Chicago.   These  interviews  sought 
information  about  three  features  of  people's  lives:   the  chronic, 
often  low-keyed,  everyday  problems  that  people  encounter  in  their 
occupational,  marital  and  parental  roles;  the  coping  strategies  people 
employ  in  dealing  with  life -problems ;  and  symptoms  of  emotional  stress, 
anxiety  and  depression.   Then  in  1976-77  a  second  wave  of  interviews  was 
conducted  among  a  sub-sample  of  1200  people  drawn  from  those  originally 
interviewed.  Many  of  the  questions  initially  asked  about  the  chronic 
role  problems,  coping,  and  psychological  distress  were  repeated,  thus 
providing  longitudinal  information  about  stability  and  change  in  these 
aspects  of  people's  lives.   Ihe  second  interview,  in  addition,  sought 
information  about  potentially  distressful  types  of  life-events  that  were 
not  asked  about  in  the  1972  interviews.   One  type  is  the  many  changes 
and  role-transitions  that  are  regular  aspects  of  the  life-cycle  —  e.g., 
getting  married,  having  a  child,  retiring  from  work,  etc  A  second  tj^pe 
of  threatening  event  is  the  more  unexpected,  non-normative  disruptions 
of  important  roles  and  activities,  such  as  occur  with  divorce,  serious 
illness,  involuntary  unemployment,  and  other  life  crises. 

Ibgether  the  two  interviews  provide  a  large  body  of  information 
about  problems  woven  into  the  fabric  of  major  social  roles,  the  gains 
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and  losses  involved  in  life-cycle  transitions,  the  crises  that  can 
eruptively  intrude  into  people's  lives,  coping  repertoires  and 
psychological  outcomes.   It  is  the  long-range  goal  of  the  research  to 
reconstruct  from  this  information  those  elements  of  social  experience 
that  importantly  affect  mental  health  and  to  learn  how  people  attempt  to 
avoid  being  psychologically  harmed  by  such  experiences  • 

Much  of  the  work  of  the  past  year  has  been  devoted  to  developing 
measurement  models,  similar  to  those  described  tor  the  preceding 
studies.  In  this  work,  Pearlin  has  had  the  valuable  collaboration  of 
Elizabeth  Menaghan  of  the  University  of  Chicago,  who  has  been  spending 
the  year  here  as  a  visiting  scientist. 

At  the  same  time  that  Pearlin  has  been  engaged  in  developing  new 
measurement  models  preparatory  to  longitudinal  analysis,  he  has 
continued  analyzing  the  cross-sectional  data  of  the  1972  survey.  His 
focus  has  been  evaluating  the  effects  of  a  variety  of  life-events  on 
psychological  functioning.   The  events  that  appear  to  produce  the  most 
distress  are  those  representing  "non-scheduled"  role  disruptions;  that 
is,  events  that  are  not  part  of  the  normative  unfolding  of  the 
life-cycle.   The  involuntary  loss  of  job,  divorce,  or  the  death  of  a 
child  illustrate  events  of  this  type.   Such  events  are  more  likely  to 
result  in  anxiety  and  depression  than  events  that  are  foreseeable  well 
in  advance  of  their  occurrence. 

Pearlin's  work  has  also  helped  to  illuminate  how  life-events  and 
life-changes  come  to  affect  people.   There  is  presently  a  large  and 
growing  literature  dealing  with  the  consequences  of  life-changes  ; 
threaded  through  much  of  this  work  is  the  assumption  that ,  because 
change  upsets  a  balance  of  forces  within  the  organism,  it  necessarily 
has  a  deleterious  effect.  According  to  this  interpretation,  stress 
reflects  the  psychic  effort  required  to  establish  and  maintain  a  new 
inner  equilibrium  that  was  destroyed  by  change.  His  own  findings 
indicate  that  the  mechanisms  by  which  life-events  adversely  affect 
people  are  somewhat  different.   Specifically,  there  is  evidence  that  the 
psychological  functioning  of  people  is  most  powerfully  influenced  when 
events  alter  the  more  durable  circumstances  of  life.   Divorce,  an  event 
that  is  generally  associated  with  depression,  may  be  taken  as  an 
illustration  of  this  process.  Divorce  results  in  depression  only  when 
there  is  a  concomitant  deterioration  in  economic  circumstances,  or  where 
increased  social  isolation  accompanies  the  divorce,  or  where  the  newly 
divorced  person  becomes  solely  responsible  for  the  care  of  young 
children.  Divorce  by  itself  —  when  it  occurs  apart  from  these  more 
persistent  conditions  —  is  unrelated  to  depression.   Preliminary 
examination  of  a  number  of  events  indicates  that  events  by  themselves  do 
not  lead  to  emotional  distress.   Instead,  it  is  the  problematic 
conditions  created  by  the  event,  conditions  that  may  persist  long  after 
the  occurrence  of  the  event  itself,  that  generate  distress. 
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Fearlin  has  also  tested  certain  propositions  about  patterns  of 
adult  development*  One  such  proposition,  held  especially  by  theorists 
who  believe  that  the  process  of  aging  propels  people  through 
well-defined  stages ,  asserts  that  the  middle  years  of  life  are  a  period 
when  various  life-crises  are  especially  likely  to  converge  on  people. 
He  finds  very  little  empirical  evidence  in  support  of  this  proposition. 
Ihus,  when  different  age  cohorts  are  compared,  it  is  apparent  that 
middle-age  is  not  especially  characterized  by  hardship  and  stress. 
Indeed,  young  adults  are  more  vulnerable  than  are  the  middle-aged. 
Furthermore,  among  the  middle-aged  there  are  wide  variations  in 
life-strains  and  emotional  distress.  From  all  indications,  the  economic 
and  social  resources  to  which  people  have  access  are  more  Instrumental 
than  are  their  ages  in  explaining  psychological  functioning.  His 
findings  strongly  Indicate  that  age  alone  can  tell  us  very  little  about 
the  course  of  adult  development.   It  is  only  by  also  taking  into  account 
changes  in  a  host  of  social  and  economic  characteristics  that  we  can 
understand  the  similarities  and  differences  among  people  as  they 
traverse  the  life-span. 

In  the  coming  year  Pearlin  will  continue  to  explore  the  effects  of 
life-events  on  psychological  functioning,  seeking  to  explicate  further 
the  mechanisms  by  which  life-changes  come  to  have  deleterious 
consequences.   In  seeking  to  clarify  this  process  he  will  also  be  taking 
into  consideration  the  part  played  by  individual  coping  efforts  and  by 
social  support  systems. 

HEALTH  ORIENTATIONS  OF  CHILDREN 

This  research,  conducted  by  John  Campbell,  examines  children's  and 
mothers'  perspectives  on  illness  and  health.   Ihe  principal  goals  are  to 
describe  systematically  the  patterns  of  variation  in  family  members' 
attitudes,  values,  beliefs,  perceptions  and  behavior  relevant  to 
illness  and  health;  and  to  examine  the  links  between  health  orientations 
and  selected  personal  and  situational  factors.   To  accomplish  these 
objectives,  information  was  obtained  from  264  hospitalized  children  and 
their  mothers.   Interviews  with  children  and  mothers,  and  ques- 
tionnaires completed  by  mothers,  provided  data  about  both  mothers'  and 
children's  definitions  of  illness,  of  their  own  and  other  family 
members'  feelings  and  actions  when  ill,  their  attitudes  and  beliefs 
about  illness-prevention  and  treatment,  their  values  in  selected  areas 
not  specifically  concerned  with  health,  and  their  views  about 
appropriate  standards  of  behavior  (i.e.,  what  should  or  should  not  be 
done  in  circumstances  pertaining  to  illness  and  health)  . 

Social  roles,  by  their  very  nature,  involve  reciprocal 
relationships.   Pervasive  individual  differences  in  perspectives  on 
these  relationships  have  the  potential  to  contribute  to  variations  in 
role  enactment  in  situational  contexts  such  as  those  surrounding 
illness.   Mothers  in  this  study  have  been  found  to  differ  from  one 
another  along  a  dimension  that  may  be  referred  to  as  "developmental 
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preference",  a  dimension  that  appears  to  capture  a  portion  of  the 
elusive  quality  of  the  bond  between  parent  and  child:   Some  mothers 
think  that  the  time  when  a  child  Is  very  young  Is  likely  to  provide  the 
greatest  satisfaction  In  the  parent-child  relationship,  that  maternal 
satisfactions  probably  diminish  as  the  child  grows  up ;  these  mothers 
would  also.  If  It  were  possible,  "stretch-out"  the  developmental  years* 
In  contrast,  other  mothers  see  the  time  when  a  child  nears  adulthood  as 
likely  to  offer  the  greatest  potential  for  satisfaction.  Mong  the 
mothers  In  this  study,  these  variations  In  maternal  perspectives,  with 
their  Implications!  for  the  nature  of  paFeii.t-ch;t.^lj[  ^e,latlonshlp8,  showed 
basically  no  link  with  age  and  sex  of  child,  nor  were  "they  a  function  of 
the  child's  health  history  or  current  health  status.  Yet,  this  facet  of 
a  mother's  general  orientations  did  contribute  to  her  approach  to  the 
' sick  child. 

Mothers  with  a  decidedly  child-oriented  developmental  preference 
saw  themselves  as  generally  very  concerned  about  their  child's  health. 
They  placed  considerable  emphasis  on  health  precautions  and  were 
inclined  to  rely  on  home  medications  for  the  child.   (Correspondingly, 
their  children  reported  that  their  mothers  worried  about  the  child's 
health  and  also  resorted  promptly  to  use  of  home  medications  when  the 
child  was  ill.)   But  the  readiness  with  which  a  mother  would  seek  out  a 
doctor  for  diagnosis  and  treatment  of  the  child  was  not  linked  to  the 
mother's  developmental  preference.   This  suggests  that  the  direct 
effects  of  developmental  preference  on  mothers'  health-relevant  actions 
vis-a-vis  to  their  children  may  be  limited  to  the  context  of  the  home, 
to  circumstances  in  which  the  mother  is  clearly  functioning  as  the 
primary  caretaker  for  the  sick  child. 

The  type  of  involvement  evident  in  a  mother  who  has  a  strong 
child-oriented  developmental  preference  may  be  pervasive  and  diffuse ; 
in  contrast,  mothers  with  a  preference  for  parent-child  relationships 
that  more  nearly  approximate  those  obtaining  between  adults  may  respond 
to  their  children  in  more  functionally  specific  ways.   Thus,  for  these 
mothers  there  is  a  consistency  in  their  health-relevant  actions  that  is 
absent  from  the  actions  of  the  former.   The  extent  to  which  a  mother's 
concern  or  anxiety  about  her  child's  health  is  a  realistic  reflection  of 
the  child's  health  history  was  greater  for  mothers  emphasizing  the 
satisfaction  to  be  obtained  from  the  more  mature  child  than  it  was  for 
mothers  with  a  preference  for  the  parent-child  relationships  of  the 
early  childhood  years.   The  link  between  maternal  concern  for  the 
child's  health  and  a  relaxation  of  maternal  standards  for  the  child's 
accepting  the  sick  role  was  also  greater  for  the  former  group  of  mothers 
than  for  the  latter.   And  the  extent  to  which  maternal  concern  about  the 
child's  health  was  associated  with  the  likelihood  of  contacting  a 
physician  followed  this  same  pattern  of  contingent  relationships.   Even 
children's  perceptions  of  maternal  concern  or  anxiety  about  the  child's 
health  was  contingent  on  the  mother's  developmental  preference:   The 
children  who  were  accurately  aware  of  the  degree  of  their  mother's 
concern  for  the  child's  health  were  predominantly  those  whose  mothers 
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were  favorably  disposed  toward  the  child's  assuming  the  adult  role* 
This  may  have  Implications  for  the  process  by  which  the  child  acquires 
health  orientations,  because  the  clarity  with  which  a  child  can 
interpret  structured  experiences  with  adults  can  influence  social 
learning* 

The  potential  value  of  this  research  is  not  restricted  solely  to 
matters  of  health  and  reactions  to  the  stressful  circumstances 
surrounding  Illness.  Illness  is  a  universally  encountered  phenomenon, 
and  there  are  recognized  roles  attendant  on  it.   Ihe  typically 
discontinuous,  clearly  delimited  nature  of  the  sick-role  provides  a 
valuable  context  in  which  to  consider  role-learning,  role-relationships, 
and  other  aspects  of  the  acquisition  and  change  of  general  social 
orientations. 
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Annual  Report  for  1978 

Laboratory  of  Brain  Evolution  and  Behavior 

National  Institute  of  Mental  Health 

Paul  D.  MacLean,  M.D.,  Chief 

It  Is  seldom  that  one  can  show  a  direct  relationship  between  a  current 
happening  and  something  that  took  place  millions  of  years  ago.   In  the 
present  Instance  It  would  be  correct  to  say  that  a  major  part  of  our 
Laboratory  would  not  be  here  today  had  It  not  been  for  the  realization 
that  a  large  and  basic  part  of  our  forebraln  represents  an  evolutionary 
development  that  can  be  traced  to  reptiles.  This  part  of  our  forebraln  Is 
Identified  as  the  striatal  complex.   It  Includes  the  olfactostrlatum, 
corpus  striatum  (caudate  nucleus  and  putamen) ,  globus  pallldus,  and  satellite 
collections  of  gray  matter.   Despite  more  than  150  years  of  Investigation, 
the  functions  of  the  striatal  complex  are  largely  unknown. 

It  has  been  traditional  In  experimental  psychology  to  test  animals  in 
the  manipulation  of  inanimate  objects.   In  designing  the  present  laboratory 
it  was  the  hope  that  experiments  on  animals  living  under  quasi-natural 
conditions  and  interacting  with  other  animals  might  reveal  functions  of  the 
striatal  complex  that  would  otherwise  not  be  apparent.  As  will  be  noted 
later,  an  essential  requirement  for  such  research  is  the  development  of 
improved  methods  for  recording,  quantifying,  and  analyzing  the  diagnostic 
elements  of  complex  species-typical  behavior. 

If  the  reading  of  the  fossil  record  is  correct,  our  ancestral  (Origins 
from  mammal-like  reptiles  can  be  traced  back  about  250  million  years-a  span 
of  time  that  is  the  equivalent  of  about  10  million  human  generations.   If 
we  mentally  condense  250  million  years  into  one  year,  we  obtain  a  dramatic 
illustration  of  the  rapid  evolution  of  the  human  brain  and  its  ensuing 
accomplishments.   Given  such  a  time  scale,  it  would  mean  that  human  beings 
with  high  foreheads — the  hallmark  of  modern  humankind-have  been  around  for 
only  an  hour  and  three-quarters.   The  Golden  Rule  has  been  in  existence  for 
only  4  minutes.   The  development  of  electronic  prosthetic  devices  for 
extending  the  brain's  accomplishments  has  taken  place  within  a  few  seconds. 
The  first  human  landing  on  the  moon  occurred  only  1.2  seconds  ago.   The 
human  population  has  doubled  within  8  seconds,  and  we  have  accomplished  the 
remarkable  feat  of  consuming  most  of  the  world's  petroleum  in  the  same 
short  period  of  time! 

Despite  the  frightening,  explosive  implications  of  these  figures,  we 
may  hope  to  retain  our  composure  if  we  look  at  ourselves  in  the  perspective 
of  past  evolution.   There  is  no, way  of  foreseeing  the  future  without  first 
knowing  where  one  has  been!   Two  relatively  new  disciplines — paleobiology 
and  paleoneurology — can  help  us  reconstruct  the  past.   For  our  Laboratory 
this  has  been  a  landmark  year  because  we  have  been  joined  by  two  workers  in 
paleoneurology,  who  at  the  same  time  are  conducting  neuroendocrinological 


95 


research  on  lizards.  There  are  several  questions  regarding  the  evolutionary 
transition  from  raaimnal'-llke  reptiles  to  mammals  that  can  be  partially 
answered  by  paleoblologlcal  and  paleoneurologlcal  research.  Among  the 
foremost  questions  are:  (1)  What  was  the  shape  and  size  of  the  brains  of 
the  most  advanced  mammal-like  reptiles?  (2)  What  were  the  factors  that 
brought  about  the  disappearance  of  the  parietal  eye  In  the  more  advanced 
mammal-like  reptiles?  (3)  Are  there  morphological  and  other  Indications  to 
support  the  theory  that  the  disappearance  of  the  parietal  eye  reflects  an 
evolutionary  change  from  ectothermy  to  endothermy?  (4)  Were  mammal-like 
reptiles  social  animals?  (5)  Did  they  communicate  by  vocalization,  or  were 
they  essentially  mute  like  many  extant  reptiles?  (6)  Like  such  early  mammals 
as  the  monotremes,  did  they  lay  eggs?  (7)  Will  a  further  search  of  the 
fossil  record  indicate  that  they  attended  their  young?   (8)  Will  a  method 
for  assessing  the  age  of  bone  structure  now  being  developed  in  our  Laboratory 
be  applicable  to  identifying  the  age  at  death  of  certain  extinct  reptiles? 

Heretofore,  embryological  and  ontologlcal  research  on  lizards  has 
lagged  because  of  the  difficulty  of  hatching  eggs  under  laboratory  conditions. 
Many  of  the  problems  have  now  been  solved,  and  a  program  has  just  been 
undertaken  in  the  Laboratory  to  hatch  eggs  of  a  variety  of  lizards,  with 
special  attention  being  given  to  the  parthenogenetic  whiptail  lizards 
Cnemidophorus  tesselatus,  which  provide,  essentially,  a  naturally  occurring 
experiment  on  cloning.   The  ability  to  date  the  age  of  a  large  number  of 
lizards  will  greatly  aid  studies  on  the  ontogeny,  behavior,  and  aging  of 
these  animals.   The  ready  availability  of  eggs  will  also  make  possible 
microsurgical  excision  of  the  habenulopineal  complex  or  other  cerebral 
structures  for  making  observations  on  subsequent  changes  in  physiology  and 
behavior . 

There  are  indications  that  the  olfactory  bulbs  were  well  developed  in 
mammal-like  reptiles  and  that  in  early  mammals  there  continued  to  be  an 
enlarged  olfactory  apparatus.   In  the  neuroanatomical  wing  of  the  Laboratory, 
examination  of  more  than  100  species  representative  of  different  orders  of 
mammals  has  revealed  the  remarkable  finding  that  the  class  of  mammals  can 
be  subdivided  into  two  main  groups  on  the  basis  of  a  difference  in  the 
relationship  of  the  lateral  olfactory  tract  to  the  accessory  olfactory 
bulb.   The  significance  of  this  contribution  is  readily  appreciated  in  the 
light  of  Colbert's  comment  that  ever  since  the  days  of  Cuvier,  the  grouping 
of  various  orders  of  mammals  has  posed  an  almost  insuperable  problem. 

The  hierarchical  organization  of  the  three  main  evolutionary  formations 
of  the  brain-reptilian,  paleomammalian,  and  neomammalian — provides  the 
functional  equivalent  of  a  triune  brain.   This  past  year  further  behavioral 
obsen/ations  have  been  made  on  rodents  deprived  since  birth  of  the  neocortex. 
The  results  of  this  work  have  provided  additional  evidence  that  the  two 
older  evolutionary  formations  of  the  forebrain  (the  striatal  complex  and 
limbic  system)  are  sufficient,  along  with  the  remaining  neuraxis,  for 
giving  expression  to  the  recognized  forms  of  complex  species-typical 
behavior  in  these  animals.   The  findings  are  at  variance  with  one  long- 
established  view  that  upon  the  evolution  of  mammals  the  organized  expression 
of  such  complex  behavior  became  solely  dependent  on  the  neocortex! 
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Continued  experimentation  has  also  provided  additional  evidence  that 
in  animals  as  widely  separated  as  lizards  and  monkeys,  the  striatal  complex 
is  basically  involved  in  the  expression  of  species-typical  displays  used  in 
prosematic  ("nonverbal")  communication. 

In  a  confirmation  and  extension  of  last  year's  microelectrode  findings 
in  squirrel  monkeys,  It  has  been  shown  that  a  number  of  units  within 
representative  parts  of  the  three  main  evolutionary  divisions  of  the  forebraln 
discharge  in  phase  with  respiration.  This  discovery  has  implications  that 
reach  back  to  the  Greek  use  of  the  word  psyc}»e  (meaning  ajkr,  breath)  to 
refer  to  the  mind  or  spirit,  raising  the  question,  first  of  all,  as  to  the 
role  of  such  units  in  contributing  to  a  central  excitatory  state  required 
for  consciousness.  Does  the  activity  of  such  units  change  during  sleep? 
During  dreaming?  What  is  the  possible  role  of  such  units  on  psychological 
functions-motivation,  emotion,  memory,  recognition,  learning,  creative 
thought  ("inspiration")? 

As  mentioned  earlier,  part  of  the  research  effort  of  the  Laboratory 
must  be  devoted  to  the  development  of  improved  methods  for  obtaining 
reliable  measures  of  complex  species- typical  behavior.  An  accompanying 
report  gives  a  description  of  a  computer-assisted  event-recorder  that  has 
proved  to  be  highly  accurate  and  flexible.   It  affords  the  recording  of  the 
incidence  and  duration  of  diagnostic  elements  of  particular  forms  of 
behavior  (e.g.,  mating  behavior);  presents  the  data  in  various  formats;  and 
gives  an  immediate  write-out  of  the  statistical  analysis.  With  this  system 
it  has  been  possible  to  demonstrate  over  and  over  again  subtle  changes  of 
behavior  resulting  from  neurosurgical  or  neuropharmacological  intervention 
that  would  not  have  been  apparent  with  other  methods  of  recording  and 
analysis. 

As  will  be  explained  in  a  moment,  computer-assisted  observations  of 
another  kind  have  demonstrated  a  remarkable  outcome  in  a  study  conducted  in 
the  Unit  for  Research  on  Behavioral  Systems  (URBS) ,   The  research  of  URBS 
is  concerned  with  identifying  genetic,  ecologic,  and  behavioral  factors 
that  may  either  lead  to,  or  prevent,  a  breakdown  of  social  organization 
under  overcrowded  conditions.   At  present,  two  long-term  experiments  are 
being  conducted:   (1)  In  one,  an  attempt  is  being  made  to  identify  the 
factors  that  make  it  impossible  for  the  young  members  in  an  overpopulated 
universe  of  mice  to  acquire  the  species-typical  forms  of  behavior  required 
for  successful  reproduction.   (2)  In  the  other  experiment,  involving  rats, 
the  purpose  is  to  learn  whether  or  not  computer-controlled  cooperative 
activity  in  an  enriched  environment  will  result  in  a  higher  degree  of 
tolerance  for  overcrowding,  than  is  possible  in  the  control  situation.   It 
is  evident  that  each  experiment  seeks  answers  that  are  relevant  to  coping 
with  the  problem  of  overcrowding  among  human  beings. 

As  to  the  interesting  experimental  outcome  mentioned  above,  the 
following  changes  in  social  dynamics  were  found  to  occur  in  freely  growing 
populations  of  mice  in  which  the  location  of  all  animals  and  the  distances 
between  them  were  recorded.   With  the  use  of  computer-assisted  principal 
components  analysis  it  was  demonstrated  that  during  the  first  phase  of 
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rapid  growth  of  the  population  there  was  a  constant  flux  with  respect  to 
the  location  of  residence  and  membership  in  social  groups.  With  continued 
rapid  growth  of  the  population  there  was  a  change  in  social  dynamics  charac- 
terized by  stability  of  group  membership  and  place  of  residence.  Subsequently, 
there  was  a  reduction  in  the  rate  of  reproduction.  It  should  be  emphasized 
that  such  changes  in  social  dynamics  of  burgeoning  populations  of  animals 
have  long  been  suspected,  but  never  documented,  because  of  the  complexities 
involved  in  making  the  observations  and  analyzing  the  data. 

Other  research  of  URBS  applies  directly  to  the  human  condition.  In 
view  of  the  somewhat  alarming  Introductory  remarks,  special  mention  should 
be  made  of  a  study  that  suggests  that  the  rate  of  growth  of  the  human 
population  may  have  begun  to  decline  in  1975  and  that  after  100  more  years 
we  may  expect  a  healthy  decline  in  the  number  of  people.  This  should  be  no 
sign  to  us  that  there  may  be  a  commensurate  decline  in  our  efforts  to 
understand  historically  the  processes  at  work.  To  be  sure,  since  we  are 
part  of  nature  and  everything  we  do  is  natural,  we  may  find  comfort  in  the 
realization  that  whatever  the  outcome  it  will  be  nature's  doing,  nature's 
fault — not  ours.  At  the  same  time  we  know  that  we  may  either  affect  chance 
or  take  our  chances.  Hence,  no  one  can  argue  that  we  as  social  beings  are 
entirely  the  dice-product  of  our  genes  and  that  there  is  not  some  degree  of 
freedom  to  change  the  way  things  are. 
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Annual  Report  of  the  Laboratory  of  Cerebral  Metabolism,  NIMH 

October  1,  1977  through  September  30,  1978 

The  Laboratory  has  continued  to  pursue  research  on  previously  initiated 
projects,  extending  their  studies  into  more  and  more  areas  that  are  directly 
related  to  their  specific  research  goals.   The  extension  of  their  research 
efforts  has  been  greatly  facilitated  by  the  opportunity  to  utilize  a  number 
of  guest  workers,  visiting  fellows,  and  visiting  scientists  who,  in  most 
cases,  did  not  require  a  budgeted  position  from  the  program.   The  availa- 
bility of  these  essentially  "volunteer"  workers  is  the  reflection  of  the 
large  number  of  investigators  who  have  been  seeking  to  acquire  training  and 
experience  in  the  new  research  techniques  recently  developed  in  the 
Laboratory. 

The  activities  of  the  two  Sections  of  the  Laboratory  are  described 
separately. 

Section  on  Developmental  Neurochemistry 

Louis  Sokoloff,  Chief 

The  major  activities  of  this  Section  have  been,  by  far,  in  areas 
closely  related  to  its  recently  developed  [  C]deoxyglucose  techniques  for 
the  measurement  of  local  cerebral  glucose  utilization.   Previous  work  of 
this  Section  had  demonstrated  that  local  cerebral  functional  activity  and 
energy  metabolism  are  closely  correlated  and  that,  therefore,  this  method 
could  be  used  to  map  the  regions  of  the  brain  activated  or  depressed  in 
altered  physiological,  pharmacological,  and  pathological  states.   The 
strategy  of  the  research  program  has  been  to  use  the  method  to  find  the 
regions  of  the  brain  with  altered  function  in  animal  models  of  normal  and 
abnormal  behavioral  states. 

The  studies  on  the  effects  of  Y-butyrolactone  have  been  completed  and 
published.   This  compound  produces  a  trance-like  state  with  flattened  EEC 
and  markedly  depressed  cerebral  energy  metabolism.   The  results  have 
demonstrated  a  diffuse  generalized  depression  of  cerebral  glucose  utili- 
zation which  is  completely  reversible  and  safe  and  suggest  that  the  drug 
may  be  a  useful  chemical  substitute  for  hypothermia  which  is  frequently 
used  in  open  heart  surgery  to  protect  the  brain.   The  active  derivative  of 
y-butyrolactone,  Y~bydroxybutyric  acid  (GHB) ,  is  normally  present  in  brain 
in  low  concentrations.   Its  origin,  fate,  and  function  are  unknown. 
Studies  have  been  initiated  to  study  the  biochemistry  of  this  compound  in 
brain.  An  enzyme  has  been  isolated  and  purified  from  liver  and  brain  which 
can  catalyze  both  the  formation  and  oxidation  of  GHB  (E.  Kaufman,  T.  Nelson, 
and  C.  Goochee) .   Studies  are  in  progress  on  the  control  and  regulation  of 
the  levels  of  GHB  and  this  enzyme  in  brain  and  their  relationship  to 
cerebral  functional  activity. 

Studies  have  been  carried  out  on  the  effects  of  K  -induced  spreading 
cortical  depression  (M.  Shinohara) .   The  application  of  K  to  the  surface 
of  the  cerebral  cortex  produces  a  transient  widespread  cortical  neuronal 
depolarization,  depressed  electrical  activity,  and  negative  shift  in  the 
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cortical  DC  potential.  With  the  [  C]deoxyglucose  method  it  has  been  found 
that  there  is  intense  metabolic  activation  of  the  cerebral  cortex  during  the 
spreading  depression.  During  recovery,  there  remains  an  increased  cortical 
glucose  utilization,  but  it  is  distriliuted  in  a  pattern  of  vertical  columns 
traversing  the  thickness  of  the  cortex.  These  results  add  important  new 
support  for  the  growing  evidence  of  a  columnar  organization  of  function  in 
the  cerebral  cortex. 

The  suprachiasmatic  nucleus  has  been  found  to  have  a  spontaneous  light- 
entrained  diurnal  rhythm  in  glucose  utilization.   It  is  normally  activated  in 
day-time  and  depressed  at  night.  W.  Schwartz,  C.  Smith,  and  L.  Davidsen,  in 
a  long  complex  series  of  studies  with  controlled  light  cycles,  have  charac- 
terized the  properties  of  this  rhythm. 

C.  Kennedy  is  collaborating  with  M.  Mishkin  and  C.  Jarvis  in  studies  of 
the  pathways  in  brain  involved  in  higher  visual  functions  in  the  primate. 
Specifically,  they  are  interested  in  identifying  the  structures  in  brain 
participating  in  the  affective  components  of  visual  responses.   These  experi- 
ments are  carried  out  in  operant-conditioned  rhesus  monkeys  with  specifically 
placed  surgical  lesions  to  facilitate  interpretation  of  the  results.   These 
studies  are  still  in  progress,  but  the  results  already  indicate  involvement 
of  the  inferior  temporal  cortex  and  amygdala  in  visual  functions. 

M.  Kadekaro  has  been  studying  central  neural  mechanisms  involved  in  the 
regulation  of  gastro-intestinal^ functions,  particularly  gastric  secretion. 
She  has  found  by  means  of  the  [   C]deoxyglucose  method  five  cerebral  structures, 
most  components  of  the  pathway  of  the  orogastric  reflex,  that  respond  to  the 
plasma  glucose  level,  the  higher  the  plasma  glucose  level,  the  lower  their 
rate  of  glucose  utilization. 

14 
Numerous  experiments  have  demonstrated  the  usefulness  of  the  [   C]deoxy- 

glucose  method  in  neuropharmacological  studies  of  the  sites  of  action  of 
neuroactive  and  psychoactive  drugs.   Amphetamine  has  been  found  to  activate 
the  nigrostriatal  dopaminergic  system.   The  results  also  provided  the  first 
evidence  that  has  led  to  the  demonstration  that  the  sub-thalamic  nucleus  is 
part  of  a  dopaminergic  system.   The  studies  on  amphetamine  have  been  completed 
and  are  in  press  (L.  Wechsler,  H,  Savaki) .   Studies  are  in  progress  on  the 
effects  of  apomorphine  and  other  dopamine-agonists  in  retinal  and  central 
visual  functions  (J.  McCulloch,  H.  Savaki).   H.  Savaki  and  M.  Kadekaro  have 
found  fascinating  opposing  effects  of  the  6-adrenergic  blocking  agent,  pro- 
pranolol, and  the  a-adrenergic  blocking  agent,  phentolamine,  on  the  auditory 
system.   Propranolol  markedly  depresses  activity  in  the  auditory  system; 
phentolamine  activates  it.   These  results  may  have  some  relationships  to  the 
reported  effects  of  these  drugs  on  auditory  hallucinations  in  psychotic  states. 

C.  Smith  has  initiated  work  in  the  development  of  a  new  method  for  the 
measurement  of  local  protein  synthesis  comparable  to  the  I   C]deoxyglucose 
method,  which  measures  local  energy  metabolism.   Progress  is  being  made  in 
bringing  the  method  to  an  operational  state.   When  ready,  it  will  be  used  in 
studies  of  normal  and  abnormal  brain  development  and  aging  of  the  nervous 
system. 
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Section  on  Myelin  Chemistry 

Marian  W.  Kles,  Chief 

The  Section  on  Myelin  Chemistry  has  combined  biochemical  and  immunologic 
techniques  to  study  the  physical  and  biological  properties  of  myelin  basic 
protein  (BP)  —  a  major  constituent  of  central  nervous  system  (CNS)  myelin, 
also  found  to  a  lesser  extent  in  peripheral  (PNS)  myelin.   Three  major  areas 
of  research  are  underway: 

A.  Physlcochemical  studies  on  the  conformation  of  BP  and  the  relation  of 
structure  to  biologic  activity. 

Dr.  Martenson's  major  interest  during  the  past  year  has  been  the  confor- 
mation of  the  BP  molecule.   His  data  show  that  BP  in  aqueous  solution  behaves 
like  a  flexible  linear  polyelectrolyte,  expanding  continuously  between  high 
and  low  pH  at  constant  ionic  strength  and  contracting  continuously  with 
increasing  ionic  strength  at  pH  2  and  pH  7.   There  Is  little,  if  any,  evidence 
of  intramolecular  stabilization. 

In  vivo,  BP  exists  as  a  relatively  immobile  component  of  a  highly 
specialized  membrane  and  not  as  a  soluble  polyelectrolyte.   Nevertheless,  an 
understanding  of  its  behavior  in  solution  is  a  preliminary  step  toward  under- 
standing its  behavior  (and  function)  in  the  membrane.   The  conformational 
flexibility  demonstrated  in  Dr.  Martenson's  study  may  be  necessary  for  maximal 
interaction  of  the  protein  with  lipids  in  the  myelin  sheath. 

B.  Use  of  synthetic  and  natural  peptides  to  study  encephalitogenic 
activity  of  BP. 

Other  information  on  the  conformation  of  BP  in  solution  has  been  gained 
from  binding  studies  involving  BP  and  its  fragments  with  anti-BP  (or  fragment) 
antibody  induced  in  rabbits.   Although  other  investigators  have  reported  the 
existence  of  a  "buried"  region  in  the  BP  molecule  which  failed  to  react  witli 
antibody,  our  data  indicate  otherwise: 

1)  The  existence  of  a  "buried  site"  is  incompatible  with  the  concept  of 
BP  as  a  flexible  polyelectrolyte  without  any  significant  intramolecular 
interactions. 

2)  Our  antigen-antibody  binding  studies  provide  abundant  evidence  that 
no  region  of  the  molecule  is  "buried"  and  thus  prevented  from  binding  anti- 
body.  Instead,  it  is  clear  that  some  rabbits  produce  antibodies  that  react 
equally  well  with  a  given  sequence  whether  it  be  in  the  protein  itself  or 
isolated  as  a  proteolytic  fragment.   Some  peptide  fragments  isolated  from  the 
protein  by  proteolytic  degradation  may  exist  in  conformational  states 
different  from  the  conformation  of  the  peptide  sequence  in  the  protein  itself 
and  therefore  may  occasionally  induce  antibodies  which  do  not  cross-react  with 
the  whole  protein. 
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During  the  past  year,  Mrs.  Deibler  has  been  engaged  in  purification  and 
characterization  of  both  synthetic  and  natural  peptides  related  to  BP.  The  syn- 
thetic peptides  were  synthesized  by  Dr.  Janis  Young  (University  of  California) 
and  the  natural  peptides  were  isolated  by  Dr.  K.  Nomura  (Visiting  Fellow, 
1975-1977).   A  family  of  synthetic  peptides  incorporating  the  guinea  pig 
encephalitogenic  sequence  were  bioassayed  to  ascertain  the  effect  of  size  on 
biological  activity.   Specifically,  the  weak  encephalitogenic  activity  of  the 
nonapeptide,  residues  113-121,  was  compared  to  the  activity  of  longer  and 
shorter  homologous  peptides.   The  octapeptide  114-121  (i.e.,  the  nonapeptide 
minus  its  N-terminal  residue  Phe)  was  inactive.   The  most  active  peptide  in  the 
group  was  one  which  contained  18  residues,  with  two  additional  residues 
N-terminal  to  residues  113-121  and  seven  extra  amino  acids  added  to  the 
C-terminus . 

C.   In  vitro  cell  studies — an  attempt  to  analyze  immunologic  mechanisms 
in  experimental  allergic  encephalomyelitis  (EAE) . 

A  major  goal  in  current  immunologic  research  has  been  to  elucidate  the 
mechanisms  involved  in  cellular  sensitization.   There  is  a  growing  belief  that 
derangements  in  the  immune  system  are  responsible  for  many  pathologic  con- 
ditions in  humans,  e.g.,  cancer,  arthritis,  multiple  sclerosis,  myasthenia 
gravis,  diabetes  and  diseases  associated  with  aging. 

Our  studies  on  the  ability  of  BP  to  induce  autoimmune  damage  in  the  CNS 
(EAE)  have  important  implications  with  respect  to  this  broad  spectrum  of  human 
diseases.   No  other  autoimmune  disease  is  so  well  understood.   The  antigen  (BP) 
has  been  sequenced  and  its  role  in  the  pathogenesis  of  disease  has  been 
studied  intensively.   In  our  laboratory  we  have  studied  not  only  the  antibody 
binding  specificity  of  the  molecule  but  the  ability  of  different  regions  of  the 
molecule  to  induce  cellular  proliferation  in  vitro  or  to  induce  EAE, in  vivo. 

In  vitro  techniques  which  have  been  developed  for  studying  mechanisms  of 
delayed  hypersensitivity  have  had  limited  application  to  EAE,  partly  because 
of  difficulties  in  correlating  the  in  vitro  data  with  disease  induction.   Here- 
tofore, successful  transfer  of  disease  (EAE)  to  normal  animals  with  cells  from 
sensitized  donors  required  all  the  lymph  node  cells  we  could  harvest  from  3 
donor  animals  (at  least  10^  cells) .   It  was  impossible  to  manipulate  such  a 
large  nvmiber  of  cells  by  any  of  the  in  vitro  techniques  currently  in  use. 
Recently,  Dr.  Driscoll  discovered  that  peritoneal  exudate  cells  (PEC)  incubated 
with  antigen  (BP)  in  vitro  are  at  least  100  times  more  effective  than  either 
Ijrmph  node  cells  or  unincubated  PEC  in  transferring  disease  to  normal  animals. 
This  means  that  one  donor  can  provide  more  than  enough  cells  for  in  vitro 
studies  and  still  have  enough  left  over  to  test  the  effect  of  these  in  vitro 
manipulations  on  disease  induction  in  several  recipients.   This  discovery  is  a 
major  breakthrough  in  the  study  of  the  immunologic  mechanisms  of  autoimmunity. 
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Annual  Report  of  the 

Laboratory  of  General  and  Comparative  Biochemistry 

National  Institute  of  Mental  Health 

Giulio  L.  Cantoni,  Chief 

Fiscal  year  1978  has  been  a  very  favorable  year  for  the  Laboratory  of  General 
and  Comparative  Biochemistry.   In  spite  of  continued  shortage  of  budgeted 
Laboratory  positions,  all  groups  have  been  able  to  make  progress  in  their 
research  projects.   In  the  annual  report  for  fiscal  year  1977,  I  reported  at 
some  length  on  the  handicap  that  budgetary  restriction,  especially  personnel 
ceiling  imposes  on  our  work.   I  can  only  reiterate  that  all  the  senior  inves- 
tigators in  the  Laboratory  could  utilize  larger  man  power  resource  to  explore 
new  ideas  and  develop  promising  research.   The  most  serious  limitations  apart 
from  personnel  ceilings  is  the  ridiculously  low  travel  budget.   Attendance  to 
meetings,  work  shops  and  special  conferences,  travel  to  other  laboratories 
and  universities  where  collaborative  work  is  being  performed  are  severely 
hampered.   Exchange  of  information  with  colleagues  can  save  weeks  of  work. 
The  mobility  of  our  investigators  is  particularly  restricted  when  compared  to 
our  colleagues  in  universities,  and  I  am  told  in  other  institutes  at  the 
National  Institutes  of  Health.   The  type  of  travel  described  above  is  not 
pleasurable,  it's  not  vacation,  it  is  an  essential  work  related  activity  and 
I  hope  that  every  effort  will  be  made  to  facilitate  our  needs  and  not  restrict 
our  availability  by  too  narrow  interpretation  of  the  administrative  guidelines. 

Drs.  Cantoni  and  Chiang  with  the  assistance  of  Mr.  Richards,  and  the  partici- 
pation of  a  number  of  colleagues  at  NIH  and  other  institutes  (J.  P.  fiader,  E. 
J.  Leonard,  NCI;  R.  Chanock,  B.  Murphy,  NIAID;  W.  Lovenberg,  NHLBI;  E. 
Schiffman,  NIDR;  J.  Axelrod,  NIMH;  C.  Baglioni,  New  York  State  University  at 
Albany;  W.  Trager,  Rockefeller  Institute)  have  continued  to  study  the  biochem- 
ical and  biological  consequences  of  inhibition  of  AdoHcy  hydrolase.   AdoHcy  is 
the  product  of  biological  transmethylation  research,  and  is  an  inhibitor  of 
all  eukaryotic  methyltransf erases  that  utilize  AdoMet  or  the  methyl  donors. 
The  sensitivity  of  different  enzymes  of  AdoHcy  varies  considerably,  and  this 
fact  has  led  to  the  hypothesis  that  the  intracellular  levels  of  AdoHcy  are  of 
critical  importance  in  the  regulation  of  biological  methylation. 

3-Deazaadenosine  (3DZA)  was  found  to  be  a  very  potent  inhibitor  of  the  enz3mie. 
As  a  result  of  this  discovery  a  study  of  the  biological  and  pharmacological 
effects  of  3DZA  in  a  variety  of  cellular  systems  and  in  animal  models  was 
undertaken.   The  results  obtained,  listed  below  can  all  be  interpreted  by  the 
assumption  that  3DZA  acts  in  cellular  systems  or  in  whole  animals  by  inhibition 
of  AdoHcy  hydrolase  thereby  producing  a  change  in  the  intracellular  concentra- 
tion of  AdoHcy  and/or  in  the  Ado^et/AdoHcy  ratio.   We  have  shown  experimentally 
that  assumption  is  valid  in  a  number  of  cases.   This  has  required  refinement  of 
technology  for  the  measurement  of  small  quantities  of  AdoMet  and  AdoHcy. 

Dr.  Chiang,  in  collaboration  with  Dr.  Cantoni  and  other  investigators  has  found 
that: 
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a)  3DZA  is  a  potent  antiviral  agent  capable  of  inhibiting  growth  and  repli- 
cation of  Rous  sarcoma  virus  in  chick  embryo  fibroblasts.  The  antiviral 
effects  of  3DZA  are  not  limited  to  RSV  infection  but  are  also  seen  with  other 
oncogenic  RNA  viruses,  with  influenza  virus,  a  nononcogenic  RNA  virus  and 
with  DNA  viruses. 

b)  In  cell  lines  that  exhibit  transformation  in  a  "malignant"  phenotype  after 
established  infection  with  RSV,  3DZA  induces  phenotypic  reversion  towards  a 
more  normal  phenotype. 

c)  3DZA  has  a  pronounced  activity  against  strains  of  plasmodia  capable  of 
causing  human  malaria  and  studied  in  vitro   in  a  human  erythrocyte  system. 
Further  studies  in  monkey  or  dog  model  disease  system  will  be  carried  out  when 
sufficient  drug  is  available.   Although  the  activity  of  3DZA  is  small  compared 
to  other  antimalarial  agents,  these  results  are  of  potential  therapeutic 
significance  for  the  treatment  of  drug  resistant  malarial  infections. 

d)  3DZA  affects  both  the  chemotactic  and  the  phagocytic  activity  of  mammalian 
neutrophyls  and  macrophages,  as  studied  in  vitro. 

e)  3DZA  inhibits  synapse  formation  between  nerve  cells  and  muscle  fibers  in 
tissue  culture. 

f)  Finally,  in  rats,  3DZA  brings  about  a  reduction  in  the  excretion  of 
creatinine  and  HVA  in  the  urine,  an  indication  that  in  vivo   the  compound 
inhibits  the  methylation  of  guanidoacetic  acid  of  cathecolamines . 

Drs.  Cantoni,  Uhlendorf  and  Chen  continue  to  study  muscle  differentiation  in 
vitro.      The  basic  biochemistry  of  the  differentiation  process  is  very  funda- 
mental in  the  normal  development  of  the  various  cell  types  of  the  brain  and 
also  of  many  other  tissues.   They  have  chosen  as  a  model  the  growth  and  dif- 
ferentiation of  embryonic  skeletal  muscle  cells  in  culture.   In  the  course  of 
experiments  designed  to  investigate  the  role  of  the  cell  membranes  in  the  com- 
plex series  of  events  that  underly  the  differentiation  of  mononucleated  myo- 
blasts into  multinucleated  myofibers,  they  discovered  that  Concanavalin  A  and 
a  variety  of  other  plant  lectins  have  an  Important  effect  on  the  differentia- 
tion of  myoblasts  in  tissue  culture. 

Concanavalin  A  and  other  lectins  were  found  to  inhibit  the  physiological  and 
histological  changes,  such  as  muscle  fusion  and  appearance  of  cross  striation, 
and  also  to  inhibit  the  synthesis  of  creatine  kinase  and  other  muscle  specific 
proteins.   On  the  other  hand,  these  lectins  do  not  affect  the  cessation  of 
growth  and  the  inhibition  of  DNA  synthesis  that,  as  noted  above,  is  another 
parameter  of  differentiation  of  myoblasts  in  vitro.      Moreover,  it  was  dis- 
covered that  the  effect  of  Concanavalin  A  is  strictly  dependent  on  the  time  of 
its  administration.   It  should  be  pointed  out  that  the  differentiation  of 
myoblasts  in  culture  is  a  slow  process  that  is  observed  after  seven  days  of 
culture  in  a  "fusion  permissive  medium,"   the  nature  of  which  has  been  deter- 
mined in  this  laboratory  by  earlier  studies.   The  end  point  of  the  experiment, 
i.e.,  the  appearance  of  multinucleated  fibers  is  scored  at  day  seven.   Admin- 
istration of  Concanavalin  A  during  the  first  four  days  of  the  experiment 
results  in  the  inhibition  of  differentiation  discussed  above,  whereas  its 
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administration  later  In  the  experiment  (days  5  to  7)  Is  without  effect.  The 
conclusion  from  this  Important  discovery  and  the  discovery  that  myosin  light 
chains  as  well  as  myosin  light  chain  kinases  continue  to  change  after  fusion 
is  complete  Is  that  it  is  now  possible  to  divide  the  course  of  differentiation 
into  three  phases.  During  the  first  four  days  the  cells  respond  to  the  exo- 
genous stimulus  that  triggers  differentiation  (the  change  from  growth  medium 
to  fusion  permissive  medium)  by  a  number  of  changes,  the  molecular  nature  of 
which  is  unknoxm,  but  that  somehow  result  in  inhibition  of  growth,  arrest  of 
DNA  synthesis  and  development  of  resistance  to  the  inhibitory  effects  of  plant 
lectins.   During  the  second  phase,  the  changes  that  have  taken  place  in  the 
period  of  commitment,  as  the  first  phase  may  be  tentatively  labelled,  are 
expressed  and  synthesis  of  muscle  specific  proteins  as  well  as  physiological 
and  histological  changes,  such  as  development  of  cellular  receptors  for 
acetylcholine  and  formation  of  multinucleated  myofibers  can  be  measured. 
During  the  third  or  maturation  phase,  myosin  and  kinase  changes  occur,  the 
sarcoplasmic  reticulum  develops  and  the  myotubes  become  competent  to  contract. 
The  nature  of  biochemical  changes  taking  place  during  the  "commitment  phase" 
and  the  molecular  mechanisms  whereby  an  exogenous  signal  brings  about  changes 
in  the  expression  of  cellular  genome  are  central  and  most  interesting  questions 
and  our  results  well  permit  further  exploration  of  this  problem. 

Drs.  Mudd,  Gicvanelli,  and  Datko  have  continued  to  concentrate  their  research 
efforts  upon  achieving  a  better  understanding  of  the  biosynthesis  of  the 
aspartate  family  of  amino  acids,  using  Lerrma  perpusiZla   as  the  test  organism. 
Aspartate  is  the  starting  point  for  the  formation  of  lysine,  theonine, 
methionine,  and  isoleucine.   The  first  three  are  the  three  amino  acids  which 
are  the  "first-limiting"  constituents  in  almost  all  protein-poor  diets. 
Clearly,  an  understanding  of  this  pathway  and  of  the  details  of  its  regulatory 
relationships  would  be  of  importance  in  any  rational  approach  to  provision  of 
better  nutrition  worldwide. 

Studies  in  this  area  during  the  past  year  have  included:   (a)  continued 
definition  of  the  optimal  conditions  for  growth  of  Lerrma  perpusilta;    (b) 
discovery  of  means  to  completely  control  the  sulfate  nutrition  of  this  plant; 
(c)  extension  of  studies  of  the  growth  effects  of  a  variety  of  amino  acids, 
alone  and  in  combination;  (d)  specific  investigations  of  methionine  tolerance 
and  toxicity,  and  factors  which  affect  these  effects;  (e)  an  extensive  study 
of  growth  inhibition  by  0-substituted  derivatives  of  vinylglycine  and  the 
ability  of  various  amino  acids  to  overcome  this  inhibition.   The  results 
available  strongly  suggest  that  aminoethoxyvinylglycine  and  methoxyvinlycine 
inhibit  growth  of  Lerrma   through  specific  inhibition  of  g-cystathionase.   If 
this  is  confirmed  by  further  experiments,  a  useful  tool  for  study  of  this 
pathway  will  be  available;  (f)  Demonstration  that  exogenous  methionine  is  able 
to  decrease  the  endogenous  formation  of  the  sulfur  moiety  of  this  amino  acid 
by  about  80%.   Together,  these  results  continue  to  enlarge  our  understanding 
of  the  aspartate  pathway,  especially  the  branch  leading  to  methionine.   Studies 
now  underway  should  determine  whether  the  synthesis  of  the  methyl-  and  a-amino- 
butryl  moieties  of  methionine  are  controlled  in  a  similar  manner  by  exogenous 
methionine.   These  studies  are  also  a  first  step  toward  investigation  of  the 
regulation  of  earlier  steps  and  other  branches  in  the  aspartate  biosynthetic 
pathway. 
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In  the  area  of  metabolic  disease  in  humans,  we  have  made  encouraging  progress 
in  the  study  which  seeks  to  determine  whether  heterozygotes  for  cystathionase 
synthase  deficiency  are  at  increased  risk  for  development  of  coronary  artery 
disease.  It  now  appears  that  it  will  be  possible  to  obtain  data  from  a 
sufficient  number  of  families  to  provide  adequate  statistical  resolving  power 
to  answer  this  question  with  a  high  degree  of  probability  and  sensitivity.  A 
continued  long-term  effort  will  be  required  to  obtain  and  analyze  these  data, 
as  well  as  similar  data  from  adequate  control  group (s). 

Dr.  Merril  has  continued  to  study  bacterial  virus  gene  expression  in  eukaryotic 
cells.   Classically  induction  of  the  galactose  operon  with  galactose  or  the 
gratuitous  inducer,  fucose  results  in  an  equimolar  appearance  of  the  epimerase, 
transferase,  and  kinase  enzymes.   In  collaboration  with  Drs.  Gottesman,  D. 
Court,  and  S.  Adhya,  it  was  found  that  the  kinase  enz37me  activity  Increases 
30-fold  more  than  that  of  the  epimerase  when  the  galactose  operon  is  induced 
by  escape  synthase  of  the  prophage  lambda.  Thus  galactose  opera  of  E.    ooti 
expresses  its  genes  in  a  discoordinate  way.  This  discoordinate  gene  expression 
must  arise  after  the  transcriptional  event  since  the  mRNA  for  each  portion  of 
the  galactose  operon  is  increased  coordinately.   Cyclic  AMP  stimulated  induction 
of  the  galactose  enzjmie  causes  the  opposite  type  of  discoordination:   that  is 
-  the  epimerase  activity  increases  more  than  that  of  the  kinase.   Studies  of 
the  mRNA  in  this  situation  are  currently  being  investigated.   These  studies 
should  help  to  uncover  some  control  mechanisms  of  gene  expression. 

...Assays  developed  to  study  purine  metabolism  have  been  used  to  investigate  the 
claim  that  self-mutilating  Gelles  de  la  Tourete  syndrome  patients  have  a 
temperature  sensitive  hypoxanthine-guanine  phosphoribosyl  transferase  (HGPRT) 
enzyme,  with  unusual  isoelectrof ocusing  patterns.   In  collaboration  with  Drs. 
Ebert  and  Gaine,  examination  of  11  individuals  with  the  Tourette  syndrome 
including  3  cases  which  experienced  self-mutilation  revealed  no  consistant 
temperature  sensitivity  for  the  HGPRT  enzyme  purified  from  the  patients  lysed 
red  blood  cells  by  double  antibody  immunoprecipitation  followed  by  two  dimen- 
sional electrophoresis  demonstrated  normal  isoelectrofocussing  and  molecular 
weight  patterns.   The  use  of  the  techniques  used  in  this  study,  particularly 
the  two  dimensional  electrophoresis  and  the  immunoprecipitation  methods  should 
prove  useful  as  a  screen  for  biochemical  abnormalities  in  various  genetic 
disorders. 

Dr.  Klee  reports  an  exciting  development  of  the  past  year,  namely  the  discovery 
by  Klee,  Zioudrou,  and  Streaty,  of  a  new  class  of  opioid  peptides,  the  exorphins, 
which  are  derived  from  food  proteins  by  virtue  of  the  normal  digestive  process. 
Pepsin  digests  of  a  number  of  proteins  including,  notably,  wheat  gluten  and 
a-casein  were  shown  to  contain  peptides  which  exhibit  morphine-like  activity 
in  a  number  of  test  systems.   These  peptides,  the  exorphins,  are  relatively 
small,  hydrophobic,  and  resistant  to  degradation  by  the  intestinal  proteinases 
trypsin  and  chymotrypsin.   They,  therefore,  may  well  be  absorbed  as  such. 
Some  of  these  peptides  appear  to  be  much  more  potent  than  morphine  and  to 
approach  the  extraordinary  potency  of  the  endogenous  opioid  peptides  such  as 
enkephalin  and  3-endorphin.   These  studies  provide  a  mechanism  whereby  dietary 
protein  intake  can  influence  emotional  state.   In  addition,  since  the  studies 
of  Dohan  have  suggested,  and  provided  some  evidence  for,  a  causal  link  between 
wheat  gluten  intake  and  schizophrenia  the  discovery  that  gluten  can  be  a  source 
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of  opioid  peptides  provides  a  possible  mechanism  for  such  a  relationship. 

Knight  and  Klee  have  Initiated  a  study  of  the  peptidases  which  are  responsible 
for  the  synthesis,  from  larger  precursors,  and  for  the  degradation  of  enkephalin. 
They  have  found  that  there  is  a  functional  coupling  between  receptor  occupancy 
by  enkephalin  and  the  action  of  a  membrane  bound  aminopeptidase  which  degrades 
enkephalin,  much  as  acetylcholine  receptors  are  linked  to  cholinesterase. 
They  have  also  found  that  puromycin  is  a  highly  potent  and  potentially  useful 
inhibitor  of  this  aminopeptidase. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  NEUROBIOLOGY 
National  Institute  of  Mental  Health 
July  1,  1977  to  September  30,  1978 

Ichiji  Tasaki,  M.D.,  Ph.D.,  Chief 

Research  in  the  Laboratory  of  Neurobiology  concentrated  on  the  macro- 
molecular  structure  of  the  nerve  membrane  and  vision  and  eye  movements  in 
man  and  monkeys. 

Studies  of  the  macromolecular  structure  of  the  nerve > membrane  involved 
in  excitation  were  carried  out  by  using  four  different  methods.   The  first 
method  is  a  new  electrophysiological  one  which  utilizes  a  real-time  spectrum 
analyzer.   With  this  machine,  the  existence  of  a  new  type  of  electric 
response  in  the  nerve  membrane  was  revealed.   The  amplitude  of  these  responses 
are  extremely  small  (1-30  yV  in  amplitude) .  Since  these  responses  are  fired 
repetitively  under  the  influence  of  various  chemical  stimulants,  it  was 
found  possible  to  prove  their  existence  by  determining  the  signal-spectra 
through  signal  averaging.  .   By  using  chemical  stimulants  we  have  been  able 
to  determine  the  general  physiological  properties  of  these  responses:  (i) 
At  20°  C,  the  frequency  of  these  responses  is  in  the  range  between  100  and 
200  Hz;  lowering  of  the  temperature  enhances  the  amplitude  and  decreases 
the  frequency,  (ii)   Tetrodotoxin  (TTX)  suppresses  these  responses  at 

—8 
concentrations  of  about  10  M,   (iii)   Intracellular  injection  of  tetraethyl- 

dmmonium  (TEA)  salt  lowers  the  frequency,  (iv)   The  low-frequency  responses 

produced  in  TEA-treated  axons  can  be  readily  suppressed  by  TTX.   (v)   With 

scorpion  venoms,  4-dimethylaminopyridine  and  low  Ca,  these  responses  are 

produced  without  being  accompanied  (or  preceded)  by  a  fall  in  the  membrane 

potential. 

The  physiological  significance  of  these  findings  are  as  follows.  In 
the  membrane  of  peripheral  nerve  fibers,  there  are  receptor  sites  consisting 
of  protein  molecules.   These  sites  can  be  electrophysiologically  activated 
by  various  chemical  stimulants  including  reagents  which  alter  the  primary 
structure  of  proteins.   l<Jhen  the  density  of  the  sites  activated  is  very 
low,  there  is  no  electric  interaction  between  the  activities  at  different 
sites;  the  periodic  miniature  responses  are  the  signs  of  the  activities 
taking  place  in  non- interacting  membrane  receptor  sites.  We  regard  full 
sized  action  potentials  (110  mV  in  amplitude)  as  representing  activation  of 
all  the  receptor  sites  in  the  membrane  simultaneously.  We  believe  that  our 
experimental  findings  have  opened  up  a  new  field  of  investigation  in  membrane 
physiology. 

The  second  method  used  was  the  radioactive  labeling  of  the  proteins 
released  from  the  interior  of  the  squid  giant  axon  under  intracellular 
perfusion.   We  continued  studies  of  the  role  of  axonal  proteins  in  maintaining 
the  excitability  of  nerve.   The  rate  of  protein  release  into  the  perfusate 
was  found  to  be  Increased  by  several  electrophysiological  manipulations  of 
the  axons.   SDS-polyacrylamide  gel  electrophoresis  of  the  proteins  released 
under  these  conditions  yielded  molecular  weight  profiles  different  from 
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those  of  the  extruded  axoplasmlc  proteins.   These  observations  Indicate 
that  there  exists,  in  close  association  with  the  axonal  membrane,  a 
particular  group  of  proteins  of  which  the  solubility  is  readily  affected  by 
changes  in  the  state  of  the  membrane. 

Intracellular  perfusion  with  a  high  pH  solution  or  replacement  of  K 
ion  in  the  intracellular  perfusion  solution  with  Na,  Cs,  or  tetraethyl- 
ammonlum  (TEA)  ions  enhanced  protein  release.   This  was  interpreted  in 
terms  of  the  protein  solubilizing  power  of  cations  and  the  hydration  state 
of  the  protein  attached  to  the  internal  surface  of  the  axonal  membrane. 
Based  on  this  interpretation,  we  have  explained  the  prolongation  of  action 
potentials  from  a  macromolecular  point  of  view. 

The  third  method  used  was  that  of  radloactlvely  labeling  Intact, 
excitable  axons  followed  by  SDS-acrylamlde  gel  electrophoresls„of  axonal 
proteins.  Proteins  in  the  squid  giant  axon  were  labeled  with   P  by  in 
vitro  incubation  of  Isolated  axoplasm  with  radioactive  [y-     P]  adenosine 
triphosphate  (ATP)  and  separated  by  polyacrylamlde  sodium  dodecyl  sulfate 
(SDS)  gel  electrophoresis.  The  two  major  phosphorylated  regions  on  the  gel 
had  molecular  weights  of  400,000  and  200,000  daltons.   These  two  peaks 
appear  to  be  neurofilament  proteins  of  squid  axoplasm.   Our  experiments 
suggest  that  ATP  in  the  extracellular  space  is,  by  some  ATP-translocation 
mechanism,  utilized  in  the  process  of  intracellular  phosphorylation. 
Measurements  of  the  apparent  influx  of  ATP  across  the  squid  axon  membrane 
yielded  results  consistent  with  the  view  that  ATP  in  the  extracellular 
fluid  could  be  transported  into  the  axoplasm. 

The  fourth  method  used  was  the  standard  biochemical  method  of  subcellular 
fractionation  of  nerve  membrane  homogenate.   The  technique  of  subcellular 
fractionation  of  crab  nerve  have  been  developed  and  yield  a  fairly  pure 
fraction  of  axonal  membrane  fragments  (vesicles) .  The  binding  of  calcium  to 
these  membranes  has  yielded  some  preliminary  evidence  indicating  that 
sodi'um  competes  for  the  bound  calcium  better  than  does  potassium.   This  has 
been  tentatively  interpreted  to  mean  that  the  calcium  is  binding  to  a 
variety  of  sites  on  the  membrane,  most  of  which  bear  little  relation  to 
excitability.   It  is  hoped  that  future  studies  will  yield  a  molecular  map 
of  the  patch  on  the  membrane  which  undergoes  conformational  changes 
eliciting  the  action  potential. 

Experiments  on  vision  and  eye  movements  concentrated  on  two  specific 
questions  in  man  and  monkey.   First,  how  our  eye  movements  act  on  our 
visual  perception  and  the  physiological  activity  underlying  it.   Second, 
how  visual  stimulation  leads  to  eye  movements,  and  what  the  role  of  the 
superior  colliculus  and  frontal  cortex  is  in  this  process.   One  of  the  most 
fundamental  functions  of  the  brain  is-  the  translation  of  sensory  input  into 
movement  output,  and  we  hoped  our  studies  would  help  in  understanding  this 
brain  function. 

On  the  first  question,  we  continued  to  study  the  classical  question  of 
why  rapi"d  (_saccadic)  eye  movements  are  not  accompanied  by  a  sensation  of 
blur.   Our  physiological  experiments  used  awake  monkeys  trained  to  fixate 
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their  gaze  on  a  point  of  light  on  a  screen  in  front  of  them.  During  the 
time  the  monkey  was  fixating  we  found  the  location  in  the  visual  field  of  a 
stimulus  which  was  effective  in  activating  the  particular  cell  under  study 
(the  visual  receptive  field  of  the  cell) .   We  next  had  the  monkey  make  a 
saccadic  eye  movement  across  the  visual  stimulus  to  determine  whether  the 
cell  was  responsive  during  the  eye  movement  or  swept  the  stimulus  rapidly 
across  the  receptive  field  while  the  monkey  fixated.   We  found  that  the 
presence  of  a  masking  stimulus  before  the  saccade  was  sufficient  to  produce 
an  elimination  of  the  response  of  a  neuron  in  visual  cortex  to  stimulation 
during  a  saccade.  Masking  stimuli  presented  after  the  saccade  rarely 
produced  such  an  effect  but  instead  the  response  merged  into  the  response 
to  the  masking  stimulus.   We  also  have  shown  that  non-optimal  "noise" 
stimuli  (randomly  patterned  or  unpatterned  stimuli)  produce  masking  effects 
similar  to  those  of  optimal  stimuli. 

To  directly  relate  these  physiological  observations  to  human  perception, 
we  used  the  same  stimuli  used  to  study  neurons  in  the  monkey's  brain  to 
study  perception  in  humans.  Specifically,  we  determined  visual  detection 
thresholds  for  rapid  stimulus  movement  when  that  movement  was  preceded  or 
followed  by  a  stationary  masking  stimulus.  When  a  masking  stimulus  was 
presented  before  or  after  a  rapid  stimulus  movement,  it  eliminated  or 
reduced  the  perception  of  the  stimulus  movement  over  a  time  course  paralleling 
the  time  course  seen  for  neurons  In,  the  monkey  visual  system.  These  results 
suggest  that  for  perceptual  masking  to  occur  it  is  not  necessary  that 
cortical  cell  responses  be  eliminated  (as  is  the  case  when  the  masking 
stimulus  precedes  the  rapid  stimulus  movement)  but  only  that  they  be  confused 
or  camouflaged  (as  is  the  case  when  the  masking  stimulus  follows  the  rapid 
stimulus  movement) . 

I 

In  the  other  branch  of  the  visual  pathway,  the  superior  colllculus,  we 
have  found  that  cells  In  the  superficial  layers  show  a  corollary  discharge 
associated  with  saccadic  eye  movement,  that  is,  an  input  from  the  oculomotor 
system  that  projects  to  the  superior  colllculus  and  suppresses  the  visual 
activity  In  the  colllculus  resulting  from  the  eye  movement.   This  year  we 
investigated  whether  the  superior  colllculus,  like  the  visual  cortex,  shows 
a  visual  masking  effect.   It  does.   The  response  to  a  spot  of  light  falling 
on  the  receptive  field  of  a  colllculus  cell  could  be  completely  eliminated 
by  a  preceding  masking  stimulus  which  fell  on  the  same  part  of  the  receptive 
field. 

In  addition,  when  a  small  spot  of  light  was  placed  far  outside  the 
excitatory  visual  receptive  field  and  used  as  a  preceding  masking  stimulus, 
the  response  of  the  cell  to  the  flashed  spot  in  the  field  was  markedly 
attenuated  although  usually  not  eliminated.   Many  cells  also  have  only  a 
weak  response  to  rapidly  moving  visual  stimuli  which  cross  both  the  center 
and  the  surround  of  a  visual  receptive  field.   If  the  sweep  of  the  visual 
stimulus  crossed  only  the  central  excitatory  visual  field,  the  response  of 
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the  superior  colliculus  cells  to  the  sweep  stimulus  increased.   The  effects 
on  both  stationary  and  moving  stimuli  by  stimuli  outside  the  excitatory 
receptive  field  area  probably  result  from  stimulation  of  the  antagonistic 
surrounds  of  collicular  receptive  fields.   These  masking  effects  in  the 
superior  colliculus  act  in  addition  to  the  suppression  resulting  from  a 
corollary  discharge  to  reduce  the  response  of  colliculus  cells  during  eye 
movements.   The  physiological  activity  in  the  superior  colliculus,  however, 
may  be  more  closely  tied  to  the  initiation  of  eye  movements  than  to  visual 
perception. 

The  second  direction  of  research  which  we  have  pursued  in  the  last 
year  concerns  the  effect  of  lesions  of  the  primate  superior  colliculus  upon 
the  initiation  of  eye  movements.   Previous  observations  present  a  puzzle: 
The  spontaneous  oculomotor  behavior  of  the  monkey  is  abnormal  and  yet  in 
experimental  tests  the  animal  is  clearly  able  to  detect  and  make  saccades 
to  visual  stimuli.   This  year  we  have  focused  on  how  the  spontaneous  oculo- 
motor behavior  of  the  rhesus  monkey  is  modified  by  large  lesions  of  the 
colliculus  and  how  any  loss  of  reactivity  to  the  environment  is  reflected 
in  visuo-oculomotor  behavior. 

Using  electrooculogram  recordings,  we  first  studied  the  pattern  of  eye 
movements  in  two  normal  monkeys  with  head  restrained.  I'lhile  viewing  a 
complex  visual  array,  the  monkeys  display  a  diverse  repertoire  of  large  and 
small  saccadic  eye  movements;  the  smaller  eye  movements  of  less  than  15° 
predominate,   ^-/hen  in  the  dark,  the  alert,  normal  monkeys  no  longer  execute 
the  smaller  eye  movements  with  such  high  frequency  but  the  rate  at  which 
the  large  eye  movements  occur  is  the  same  as  in  the  light  suggesting  that 
the  smaller  eye  movements  are  visually  elicited.  In  addition,  while  performing 
a  visual  fixation  task,  the  normal  monkeys  were  readily  distracted  by 
irrelevant  and  unrewarded  stimulus  onset  and  movements  occurring  in  the 
peripheral  visual  field. 

One  monkey  then  received  a  large  bilateral  lesion  to  the  superior 
colliculus  made  under  visual  inspection  and  the  other  monkey  received  a 
unilateral  lesion.   We  found  a  selective  reduction  in  the  frequency  of  the 
smaller  saccades  to  the  damaged  visual  field,  but  activity  in  the  dark 
(which  does  not  include  the  smaller  saccades)  remained  largely  the  same. 
In  addition,  these  monkeys  were  no  longer  distracted  by  the  onset  and 
movement  of  a  stimulus  in  their  damaged  field  although  the  unilaterally 
lesioned  monkey  continued  to  be  distracted  by  a  stimulus  in  the  visual 
field  contralateral  to  the  remaining  superior  colliculus.   These  effects 
are  not  a  result  of  simple  sensory  or  motor  loss  since  these  animals  could 
detect  and  make  saccades  to  visual  stimuli  within  the  central  visual  field. 

These  experiments  show  that  loss  of  the  superior  colliculus  in  the 
monkey  leads  to  loss  of  unrewarded,  visually  initiated  saccadic  eye  movements. 
The  pattern  of  this  loss  is  complex,  however,  and  the  experiments  leave 
open  the  question  of  whether  the  "lost"  saccades  represent  visual  "scanning", 
"search"  or  "exploratory"  related  eye  movements.   These  results  do  not, 
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however,  support  the  traditional  notions  of  the  colliculus  as  a  visual-eye 
movement  reflex  center  but  are  consistent  with  a  more  general  role  in 
visual  attention  and  a  shift  in  gaze. 

Experiments  also  concerned  with  the  initiation  of  saccadic  eye  movements 
concentrated  on  finding  cells  in  the  prefrontal  cortex  of  the  monkey  which 
discharge  before  saccadic  eye  movements.   The  results  were  negative;  no 
neurons  were  found  which  clearly  fired  before  eye  movements  which  were  not 
visual  sensory  neurons.   A  sub-set  of  neurons  in  this  region  did  have 
short-latency  auditory  responses  and  were  conspicuously  sensitive  to  the 
direction  of  the  sounds  in  space. 
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Annual  Report  of  the  Laboratory  of  Neurochemistry 
National  Institute  of  Mental  Health 
October  1,  1977  -  September  30,  1978 

Seymour  Kaufman,  Chief 

During  the  last  year  one  of  the  major  efforts  of  the  Laboratory  of 
Neurochemistry  has  been  the  continuing  study  of  both  the  clinical  and  basic 
aspects  of  the  mammalian  phenylalanine  hydroxylating  system. 

On  the  clinical  side,  work  in  the  Laboratory  of  Neurochemistry  has 
demonstrated  that  in  addition  to  the  classical  form  of  phenylketonuria 
(PKU)  or  hyperphenylalaninemia  (HPA),  caused  by  a  lack  of  phenylalanine 
hydroxylase,  there  also  exist  variant  forms  of  the  disease  that  are  caused 
by  the  lack  of  dihydropteridine  reductase  (DHPR)  and  by  the  lack  of  the 
pterin  cofactor.  Since  there  is  evidence  that  these  variant  forms  of  the 
disease  may  be  lethal  if  not  treated,  early  differential  diagnosis  of  PKU 
and  its  variants  is  an  urgent  and  challenging  problem. 

Using  methods  of  analysis  developed  in  the  Laboratory  of  Neurochemistry, 
we'  can  readily  carry  out  differential  diagnosis  on  liver  biopsy  samples. 
These  invasive  procedures  are  not  ideally  suited,  however,  for  routine 
screening  purposes. 

For  the  diagnosis  of  HPA  due  to  DHPR  deficiency  we  have  previously 
shown  that  this  disease  can  be  diagnosed  by  quantitative  assay  of  the 
reductase  in  cultured  fibroblasts.  Although  this  method  is  an  advance 
over  diagnostic  procedures  that  are  based  on  surgical  removal  of  a  piece 
of  liver  tissue,  it  does  have  the  disadvantage  of  requiring  several  weeks 
to  culture  the  fibroblasts.  ' 

During  the  last  year  we  have  developed  a  blood  test  that  permits  the 
early  detection  of  HPA  due  to  pterin  cofactor  deficiency.  The  test  is 
based  on  the  observation  that  in  normal  individuals,  as  well  as  in  patients 
with  classical  PKU  and  those  with  HPA  due  to  DHPR  deficiency,  blood  biopterin 
levels  increase  when  blood  phenylalanine  levels  increase.  In  contrast, 
a  patient  with  HPA  due  to  a  deficiency  of  pterin  cofactor  did  not  show 
this  response.  We  expect  that  this  test,  which  merely  involves  measurement 
of  blood  levels  of  biopterin  in  a  patient  who  has  previously  eaten  a  standard- 
ized dose  of  phenylalanine,  will  be  used  for  routine  assay  of  this  disease. 

An  important  advance  was  made  in  our  understanding  of  how  phenylalanine 
hydroxylase  activity  is  regulated  jm  vivo.  We  have  previously  shown  that 
phenylalanine  hydroxylase  can  be  activated  jn^  vitro  when  it  is  exposed 
to  ATP  and  a  cyclic-AMP-dependent  protein  kinase.  The  activation  is  due 
to  phosphorylation  of  phenylalanine  hydroxylase.  During  the  last  year 
we  have  shown  that  administratipn  to  rats  of  the  hormone,  glucagon,  leads 
to  a  rapid  increase  in  hepatic  phenylalanine  hydroxylase  activity.  Just 
like  activation  of  the  enzyme  in  the  test  tube,  activation  in  vivo  is 
accompanied  by  phosphorylation.  This  is  the  first  example  of  hormonal 
regulation  of  phenylalanine  hydroxylase  activity. 
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In  the  area  of  muscle  hypertrophy,  we  have  developed  a  tissue  culture 
system  in  which  muscle  cells  appear  to  undergo  this  adaptation  to  increased 
work.  In  this  system,  we  have  used  muscle  stretch  as  a  stimulus  to  muscle 
growth.  To  date,  all  of  the  expected  biochemical  changes  that  have  previously 
been  shown  to  be  characteristic  of  muscles  undergoing  hypertrophy  in  vivo, 
have  been  elicited  by  the  stretch  model  in  vitro.  The  availability  of 
this  culture  system  should  facilitate  studies  on  the  mechanism  of  the 
hypertrophy  process. 

Dr.  Nash  and  his  coworkers  have  continued  to  make  progress  in  the 
analysis  of  the  system  that  carries  out  integration  of  the  DNA  of  a  virus 
into  the  chromosome  of  its  bacterial  host.  They  have  succeeded  in  purifying 
to  near  homogeniety  the  product  of  the  viral  int  gene,  called  "Int  protein". 
With  this  highly  purified  material,  they  have  shown  that  Int  forms  complexes 
with  DNA  that  contains  the  viral  attachment  site,  i.e.,  the  place  where 
the  recombining  DNA  is  broken  and  rejoined.  They  have  also  shown  that 
when  Int  complexes  with  DNA,  a  specific  region  of  the  DNA  -  which  is  30 
to  50  base  pairs  long  -  is  protected  from  enzymatic  attack  by  exogenous 
deoxyribonucleases.  In  addition  to  these  studies  on  the  Int  protein,  Dr. 
Nash  and  his  coworkers  are  continuing  to  characterize  the  bacterial  proteins 
that  are  also  involved  in  the  integration  process. 
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Annual  Report  of  the  Laboratory  of  Neurophysiology 
National  Institute  of  Mental  Health 
Edward  V.  Evarts,  M.D.,  Chief 
October  1,  1977  —  September  30,  1978 

The  projects  of  the  Laboratory  of  Neurophysiology  may  be  categorized  according 
to  two  major  areas  of  ongoing  research,  with  several  topics  being  investigated 
in  each  area: 

I.  Brain  Mechanisms  in  Motor  Control 

1.  Cerebral  control  of  movement 

2.  Eye-head  coordination  in  the  primate:  neural  substrate  and  plasticity 

3.  Cortical  response  to  sensory  input  as  a  function  of  steady  state  motor 
activity 

4.  Motor  function  in  Patients  with  Neuropsychiatric  disorders 

II .  Neuroanatomical  Science 

1.   CNS  connections  studied  by  amino  acid  autoradiography  and  horseradish 

peroxidase 
'2.   Functional  Neuroanatomy 

This  summary  will  consist  of  a  presentation  of  some  highlights  of  the  findings 
in  each  of  these  areas. 

I.   Brain  Mechanisms  in  Motor  Control:   Feedback  and  Central  Programs 

One  facet  of  our  work  on  cerebral  control  of  movement  deals  with  the  role  of 
motor  cortex  in  limb  movements  of  sub-human  primates.   In  this  research  micro- 
electrodes  are  used  to  record  activity  of  single  nerve  cells  during  perfor- 
mance of  learned  movements.   This  work  has  been  aimed  at  clarifying  the 
relationship  between  centrally  programmed  volitional  movement  and  feedback  to 
motor  cortex  from  the  receptors  of  the  moving  part.   In  this  work  there  has 
been  special  attention  to  motor  cortex  responses  elicited  by  kinesthetic 
inputs  during  precise  fine  movement.   These  responses  during  precisely 
controlled  movement  were  compared  with  responses  to  kinesthetic  inputs  during 
postural  stability  (when  the  monkey  was  seeking  to  maintain  the  handle 
steadily  in  one  position)  and  during  ballistic  movement  (when  the  monkey  was 
seeking  to  make  a  rapid  large  displacement) .   In  these  studies  over  700  neur- 
ons were  analyzed.   In  about  30%  of  these  neurons  significant  changes  of 
activity  were  detected  for  both  small  and  large  movements,  while  another  30% 
changed  exclusively  in  relation  to  the  large  fast  ballistic  movements.   All 
units  discharging  with  small  movements  also  discharged  with  larger  movements, 
but  with  the  larger  movements  many  additional  pyramidal  tract  neurons  (PTNs) 
which  had  been  inactive  with  the  small  movements  were  recruited.   Those  PTNs 
which  became  active  even  with  the  smallest  movements  were  also  the  most  sen- 
sitive to  peripheral  inputs  arising  from  limb  receptors.   Almost  invariably. 
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there  was  intense  reflex  activation  of  those  units  (especially  the  tonically 
discharging  PTNs)  most  involved  in  control  of  precise  small  movements.  A 
particularly  striking  result  obtained  in  this  experiment  was  a  heightened 
sensitivity  to  kinesthetic  inputs  during  precise  fine  movement. 

Central  Programs  Can  Override  the  Servo 

The  servo-controlled  neuronal  discharge  described  above  underlies  operation  of 
an  automatic  control  system  which  is  of  critical  importance  in  stabilizing  our 
finest  most  precise  movements.   But  what  happens  when  a  subject  wishes  to 
carry  out  a  movement  requiring  muscular  activity  opposite  to  that  which  would 
be  called  for  by  the  servo  underlying  stability?  What  happens  when  we  wish  to 
make  a  movement  which  contradicts  the  reflex  Inputs  which  are  "hard-wired"  to 
elements  of  our  motor  control  systems?  How  does  a  subject  execute  an  instruc- 
tion calling  for  a  motor  act  which  runs  counter  to  reflex  drives?   In  order  to 
get  information  on  this  point,  we  have  studied  PTN  responses  in  monkeys 
trained  to  react  to  a  limb  displacement  according  to  a  prior  Instruction  and 
regardless  of  the  direction  in  which  the  perturbation  displaced  the  limb.   A 
key  goal  in  the  design  of  this  experiment  was  dissociation  of  the  reflex  from 
the  intended  components  of  motor  activity.   It  was  in  this  respect  that  this 
study  in  monkeys  differed  from  previous  experiments  in  monkey  or  In  man.   To 
achieve  this  dissociation,  either  of  the  two  possible  Instructions  (ins-pull 
and  ins-push)  was  followed  by  either  of  the  two  possible  directions  of  pertur- 
bation (per-pull  and  per-push) . 

In  summary,  it  was  found  that  arm  area  PTN  discharge  associated  with  a  contra- 
lateral arm  movement  triggered  by  an  input  to  the  responding  arm  has  two 
components:   1)  a  relatively  short-latency  reflex  component  which  depends  on 
the  nature  of  the  input  to  the  arm,  and  2)  a  longer  latency  component  which 
depends  on  the  movement  that  the  subject  intends  to  perform.   The 'first  com- 
ponent of  discharge  forms  part  of  a  transcortical  servo-loop,  while  the  second 
component  of  PTN  discharge  Is  related  to  the  nature  of  the  Intended  output  and 
would  seem  to  depend  on  a  central  program  rather  than  on  the  nature  of  the 
input  which  triggers  this  program.   When  an  excitatory  perturbation  triggers  a 
movement  involving  quiescence  of  the  PTN,  only  the  first  (or  reflex)  component 
of  discharge  occurs.   Conversely,  when  a  movement  Involving  discharge  of  the 
PTN  is  triggered  by  a  perturbation  which  suppresses  activity  of  the  PTN,  only 
the  second  (or  Intended)  component  of  PTN  discharge  occurs. 

Effects  of  Isolated  Muscle  Stretch 

Another  phase  of  our  work  on  cerebral  motor  control  has  studied  feedback  by 
examining  single  nerve  cell  responses  in  primary  motor  cortex  (area  4) , 
primary  sensory  cortex  (areas  I,  2,  and  3),  and  areas  5  and  7  of  macaca 
mulatta  to  wrist  flexor  and  extensor  torque  pulses  or  Isolated  muscle  stretch 
superimposed  on  a  range  of  steady  torques.   The  aim  is  to  determine  the 
relationships  between  cortical  response  to  torque  pulses  or  Isolated  muscle 
stretch  and  steady  state  torque  and  the  relationships  between  cortical  res- 
ponse to  torque  pulses  or  isolated  muscle  stretch  and  unit  behavior  during 
steady  state  torque.   In  connection  with  this  project  we  have  developed  a 
technique  which  permits  stretch  of  individual  muscles  in  the  awake  behaving 
primate  by  direct  application  of  calibrated  force  unaccompanied  by  other 
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stimuli.  An  external  electromagnet  applies  force  to  a  small  piece  of  permea- 
ble metal  chronically  imbedded  in  the  musculotendinous  junction.   We  are 
using  it  to  provide  relatively  pure  muscle  receptor  stimulation,  in  contrast 
to  torque  pulses  which  stimulate  muscle,  joint,  and  cutaneous  receptors. 

Data  have  been  obtained  from  over  1800  units  in  four  monkeys.   The  primary 
interest  is  in  those  units  which  respond  within  60  msec,  that  is,  units  which 
are  clearly  responding  to  the  torque  pulse  prior  to  change  in  the  direction  of 
handle  movement  due  to  rebound.   Analysis  of  responses  of  those  units  tested 
with  both  torque  pulses  and  isolated  muscle  stretch  indicates  that  over  60%  of 
the  units  in  areas  1  and  3,  and  45%  of  those  in  area  4  which  respond  to  torque 
pulses  also  respond  to  isolated  muscle  stretch,  and  that  the  responses  are 
very  similar  in  form  and  latency.   In  these  units,  the  intensity  of  the  res- 
ponse to  isolated  muscle  stretch  is  a  considerable  fraction  of  the  intensity 
of  the  response  to  torque  pulses.   These  results  indicate  that  muscle  receptor 
input  has  a  major  role  in  the  response  to  pertubations  occurring  during 
skilled  activity. 

Analysis  of  the  units  in  areas  5  and  7  indicates  that  those  units  whose  res- 
ponse to  a  torque  pulse  of  given  polarity  varies  with  the  steady  state  torque 
usually  give  a  greater  response  when  the  steady  state  torque  is  of  the  same 
polarity.   These  data  appear  to  suggest  a  positive  correlation  between  the 
magnitude  and  polarity  of  steady  state  motor  output  and  the  magnitude  and 
polarity  of  cortical  unit  response  to  sensory  input.   Further  analysis  of  the 
data  from  these  areas  as  well  as  areas  4,1,2,  and  3  is  proceeding. 

Neural  Substrate  of  Plasticity; 

The  previous  work  described  in  this  summary  dealt  with  limb  movements  and  was 
concerned  with  performance  rather  than  learning  or  plasticity.  A  different 
approach  to  problems  of  motor  control  is  seen  in  work  on  eye-head  coordination 
in  the  primate.   In  this  work,  chronic  single  unit  recordings  were  carried  out 
with  the  object  of  locating  the  site  of  the  neural  modifications  which  under- 
lie the  adaptive  capability  of  the  vestibulo-ocular  reflex  (VOR) .   The  initial 
concern  in  this  work  has  been  to  find  the  point  in  the  vestibulo-ocular  path- 
way at  which  changes  are  first  manifest. 

Single  unit  recordings  were  made  in  the  vestibular  nerve,  flocculus,  and  ves- 
tibular nuclei  of  (a)  normal  monkeys  and  (b)  monkeys  whose  VOR  had  been  modi- 
fied by  prolonged  exposure  to  various  optical  devices  (dove  prisms,  telesco- 
pic spectacles  and  fixed-field  spectacles) .   Monkeys  were  seated  in  a  special 
chair  which  could  be  oscillated  about  the  vertical  axis  by  a  servo-controlled 
torque  motor.   Since  the  animals'  heads  were  secured  to  the  chair,  the  chair 
rotation  provided  controlled  vestibular  stimulation.   The  vestibular  sensi- 
tivity and  phase  of  individual  neuronal  responses  was  calculated  from  the 
discharge  modulations  accompanying  sinusoidal  oscillations  of  the  chair  at 
varying  frequencies.   Previous  experiments  carried  out  as  part  of  this  project 
have  shown  that  the  discharge  of  semicircular  canal  primary  afferents  is  not 
immediately  influenced  by  ongoing  visuo-vestlbular  experience,  but  the  concern 
of  the  present  experiments  was  to  look  for  long-term  influences.   For  the 
recordings  in  the  flocculus,  it  is  necessary  to  use  monkeys  trained  on  a 
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fixation  task,  since  this  area  carries  oculomotor  as  well  as  vestibular  sig- 
nals. Thus,  output  cells  from  this  region  carry  both  head  velocity 
(vestibular)  and  eye  velocity  signals.  Special  paradigms  were  devised  to 
dissociate  these  normally  co-varying  signals  and  hence  permit  quantification 
of  each  separately.   There  are  many  different  cell  types  in  the  vestibular 
nuclei,  but  the  present  recordings  were  concerned  only  with  those  carrying 
vestibular  signals  (possibly  together  with  some  phasic  activity  associated 
with  rapid  eye  movements) .   All  data  were  recorded  on  analog  magnetic  tape  and 
subsequently  digitized  for  quantitative  analysis  on  a  PDP-12  computer.   Thus 
far,  recordings  have  been  analysed  for  (a)  normal  monkeys  and  (b)  monkeys 
whose  vestibulo-ocular  reflex  has  been  modified  as  a  result  of  prolonged 
optical  reversal  of  vision.  No  significant  differences  were  found  between  the 
two  groups  of  animals  in  the  gain,  phase  or  resting  discharge  rates  of  their 
semicircular  canal  primary  afferents,  hence,  vestibular  efferents  are  not 
involved  in  the  adaptive  process.   Signals  carried  by  the  Purkinje  output 
cells  in  the  floccular  lobes  of  the  vestibular  cerebellum  were  different  in 
the  two  groups  of  monkeys  but  the  nature  of  these  changes  suggested  that  they 
were  incidental  to  modifications  occurring  elsewhere  in  the  vestibulo-ocular 
pathways . 

Motor  Function  in  Patients  with  Neuropsychiatric  Disorders 

Studies  in  animals  have  given  us  tools  and  ideas  which  can  be  used  to  study 
motor  function  in  neuropsychiatric  patients  with  movement  disorders.   The 
relevance  of  movement  disorders  to  neuropsychiatric  illness  has  become  in- 
creasingly apparent  with  the  discovery  that  symptoms  of  Parkinson's  disease 
may  occur  as  side  effects  during  therapeutic  administration  of  neuroleptic 
drugs  and  that  cessation  of  neuroleptics  may  be  followed  by  tardive  dys- 
kinesia.  The  potential  value  of  information  concerning  such  neuro chemically 
determined  motor  disorders  is  twofold:   1)  at  an  applied  level,  quantitative 
measures  of  motor  function  will  be  useful  in  drug  dosage  regulation  of 
therapeutic  agents  and  in  drug  effectiveness  comparisons  for  different  agents; 
2)  at  a  basic  level,  discovery  of  mechanisms  of  motor  disorders  will  help  us 
to  understand  the  brain  disturbances  underlying  the  wide  range  of  neuro- 
psychiatric illnesses  related  to  neurochemical  disturbances.   Studies  thus  far 
have  focused  on  obtaining  quantitative  indices  of  the  fluctuations  in  effec-^ 
tiveness  of  anti-parkinsonian  drug  therapy.   Tests  of  movement  speed  and 
reflex  responses  to  limb  displacement  have  provided  us  with  measures  which 
correlate  with  clinically  determined  fluctuations  in  drug  efficacy,  pointing 
to  the  feasibility  of  setting  up  routine  tests  of  motor  function  to  be  admin- 
istered in  clinical  settings. 

Studies  have  been  carried  out  in' 80  NINCDS  patients  with  Parkinson's  disease 
(PD)  and  in  normal  subjects  in  three  age  groups:   (1)  50-80,  (2)  25-49  and 
(3)  less  than  25  years.   Repeated  observations  have  been  obtained  in  indivi- 
dual patients  to  follow  fluctuations  of  motor  status  occurring  in  the  course 
of  treatment  with  anti-parkinsonian  drugs.   The  patients  studied  have  in  some 
cases  been  hospitalized  because  of  "on-off"  phenomena  (i.e.,  the  rapid  changes 
from  the  dyskinetic  to  the  rigid,  bradykinetic  state  as  drug  levels  change 
from  "too  much"  to  "too  little").   Observations  in  these  subjects  have  allow- 
ed valuable  within-subject  comparisons  of  quantitative  measures  of  motor 
function. 
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We  have  found  that  movement  time  is  a  useful  index  of  ;Lmpaired  function  in 
PD.  Patients  with  PD  whose  drug  dosage  is  insufficient  may  have  movement 
time  elevations  of  the  order  of  500%.   In  contrast,  normal  subjects  or  PD 
patients  whose  drug  level  is  adequate  have  movement  times  which  are  both  low 
in  value  and  tightly  clustered  with  little  variability.   Thus,  an  elevated 
movement  time  is  an  index  of  malfunction  and  cxa   be  used  to  regulate  drug 
dosage.   The  reliability  of  this  measure  points  to  the  value  of  setting  up 
routine  procedures  for  regular  measurements  of  motor  function  in  PD  patients, 
our  goal  being  to  make  determinations  as  simple  as  taking  the  blood  pressure 
or  temperature. 

Work  to  extend  these  studies  to  patients  with  psychomotor  disorders  will  con- 
tinue.  For  this  study  the  principal  diagnostic  groups  will  involve  neuropsy- 
chiatric  diseases  in  which  dementia  is  a  central  symptom,  such  as  Huntington's 
disease,  Korsakoff's  psychosis,  Alzheimer's  disease,  Gilles  de  la  Tourette's 
disease,  and  senile  dementia;  or  behavior  disorders  where  there  are  strong 
indications  of  an  organic  pathophysiology.   Patients  with  tardive  dyskinesia 
will  also  be  studied.   Data  obtained  from  the  studies  in  patients  will  be  of 
value  not  only  in  providing  a  better  understanding  of  the  movement  disorders 
which  form  a  part  of  the  syndromes  to  be  investigated,  but  also  as  a  means  of 
assessing  the  effectiveness  of  drug  treatments  currently  used  in  patients. 
Normal  subjects  will  be  employed  in  these  studies  to  provide  comparative  data 
for  healthy  individuals  carrying  out  these  tests  of  psychomotor  function. 

II.   Neuroanatomical  Science 

A  neuroanatomy  research  laboratory  was  made  operative  this  year  and  has  been 
used  for  studies  of  a)  neuronal  connections  in  the  brain  and  b)  localization 
of  brain  sites  which  are  selectively  involved  in  sleep  and  drug-induced 
sedation.   The  newly  developed  fiber  tracing  techniques  based  on  tritiated 
amino  acid  autoradiography  and  horseradish  peroxidase  (HRP)  histochemistry 
have  been  used  to  demonstrate  neural  pathways  arising  from  intralaminar  and 
midline  thalamus  projecting  to  widespread  areas  of  cerebral  cortex  and  ter- 
minating in  distinct  laminar  patterns.   These  data  provide  structural  evidence 
for  mechanisms  of  thalamocortical  integration  that  have  not  previously  been 
appreciated.   In  another  form  of  autoradiography,  labeled  biologically  active 
substances,  tryptophan  and  diazepam,  are  systemically  injected  so  that  their 
final  brain  distribution  can  be  mapped.   The  localization  of  the  active 
uptake  sites  may  lead  to  a  better  appreciation  of  the  functional  properties  of 
tryptophan  as  a  precursor  to  serotonin  synthesis  (which  may  be  important  in 
sleep  mechanisms)  and  of  diazepam  as  a  pharmacologically  potent  tranquilizer, 
anticonvulsant  and  muscle  relaxant. 

CNS  Connections  Studied  by  Amino  Acid  Autoradiography  and  Horseradish  Peroxi- 
dase: 

As  indicated  above,  two  major  technical  advances  have  provided  neuroanatomists 
with  extremely  powerful  new  tools  for  understanding  the  brain.   Use  of  one  of 
these  techniques  (autoradiography)  has  shown  a  remarkable  and  unique  projec- 
tion to  the  most  superficial  layer  of  almost  the  entire  neocortex  originating 
from  the  ventromedial  thalamic  nucleus  in  the  rat.   Another  widespread  and 
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hitherto  unrecognized  projection  to  the  hippocamDus  and  limbic  cortices  was 
found  after  placing  a  mixture  of  H-leucine  and  H-proline  into  the  nucleus 
reuniens  of  the  thalamic  midline  group.   Results  from  autoradiographic  cases 
of  isotope  injection  into  intralaminar  thalamic  nuclei  suggest  another 
instance  of  widespread  neocortical  distribution  but,  in  contrast  to  that  of 
the  ventromedial  nucleus,  intralaminar  projections  terminate  in  deep  cortical 
layers. 

An  unexpected  finding  from  the  control  cases,  in  which  the  ventroanterior  and 
ventrolateral  nuclei  were  injected,  is  that  those  nuclei  previously  thought 
to  project  to  the  motor  cortex  appear  to  have  a  much  wider  cortical  distribu- 
tion.  Autoradiographic  and  HRP  experiments  are  now  underway  to  map  the  pro- 
jections of  this  additional  thalamic  complex,  which  is  also  associated  with 
the  nonspecific  projection  system.   Interest  in  the  inputs  to  motor  cortex  may 
generate  research  in  these  same  systems  in  the  monkey,  thereby  providing  a 
bridge  between  the  anatomical  work  in  the  rat  and  some  ongoing  and  planned 
electrophysiological/anatomical  studies  concerning  the  primate  motor  cortex. 

Studies  of  CNS  Functional  Neuroanatomy 

The  uptake  of  tracer  amounts  of  ^'^C-labeled  2-deoxy-D-glucose  (2DG)  by  brain 
tissue  reflects  glucose  utilization  of  a  particular  region.   A  general  lower- 
ing of  brain  metabolism  by  anesthetics  occurs  for  most  brain  areas,  but  in 
this  project  it  has  been  found  that  an  anatomical  system  consisting  of  the 
habenula,  interpenduncular  nucleus  and  the  habenulo-interpenduncular  tract, 
shows  relatively  much  greater  labeling  by  1^C-2DG  during  anesthesia.   This 
demonstrates  altered  functional  activity  in  an  antomically  defined  neuronal 
network  including  the  interconnecting  myelinated  fiber  tract. 

I 

A  related  methodological  approach  may  be  used  to  demonstrate  other  changes  of 
local  regional  uptake  of  functionally  significant  labeled  compounds.   Two  such 
projects  have  been  initiated.   The  purpose  of  the  first  is  to  further  examine 
the  role  of  the  suprachiasmatic  nucleus  and  several  other  brain  regions  in 
mechanisms  of  circadian  rhythmicity.   Experiments  using  the  2DG  method 
(Project  No.  ZOl  MH  01085-04  LNP)  have  demonstrated  that  the  suprachiasmatic 
nucleus  acts  as  a  "biological  clock"  whose  metabolic  activity  is  regulated  by 
light -dark  cycles  but  which  shows  rhythmical  activity  even  in  constant  dark- 
ness. 

This  nucleus  has  connections  with  other  brain  regions  by  which  it  may  affect 
the  timing  of  cyclic  behaviors  and  endocrine  systems,  and  is  rich  in  sero- 
tonin, which  is  thought  to  play  a  role  in  sleep.   Demonstration  of  alterations 
in  the  incorporation  of  radioactive  tryptophan  into  serotonin-containing 
neurons  according  to  the  cirdadian  rhythym  may  help  us  to  better  understand 
how  the  cyclic  regulatory  influences  are  generated.   In  the  experiments  just 
underway,  therefore,  ^^C  tryptophan  will  be  injected  into  rodents  at  various 
points  in  their  circadian  cycle.  •  The  subjects  are  hamsters,  selected  because 
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they  show  rigid  behavioral  adherence  to  the  light-dark  cycle.  If  serotonin 
plays  a  role  in  sleep  mechanisms,  then  differential  amounts  of  radioactivity 
may  be  found  in  specific  brain  regions  of  animals  injected  with  ^^C-tryptophan 
either  in  the  dark  period  or  light  period.  A  positive  result  will  not  only 
support  the  notion  of  a  significant  role  of  serotonin  synthesis  in  sleep 
mechanisms,  it  will  show  which  brain  regions  are  important  for  that  role. 

The  purpose  of  the  second  project  is  to  locate  the  brain  regions  that  bind 
3H-diazepam.  The  benzodiazepines  are  a  class  of  drugs  of  which  diazepam,  or 
Valium,  is  the  best  known.   They  are  known  to  be  pharmacologically  active  in 
humans  and  are  important  clinically  as  tranquilizers,  anti-convulsants  and 
muscle  relaxants. 

Quite  recently,  experimental  work  in  vitro  has  shown  that  the  brain  contains 
sites  that  bind  diazepam.   Further  work  has  shown  that  the  brain  may  contain 
its  own  endogenous  form  of  this  substance.   A  better  understanding  of  the 
mechanisms  of  diazepam  action  will  require  knowledge  of  the  specific  brain 
regions  that  contain  the  diazepam  binding  sites. 
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Laboratory  of  Clinical  Psychopharmacology 
Richard  Jed  Wyatt,  M.D.,  Chief 
October  1,  1977  through  September  30,  1978 

The  year  1978  was  an  extremely  good  one  for  the  Laboratory.  The  personnel 
has  been  stable  and  of  the  highest  quality.  The  excitement  is  constant  and  the 
staff  have  generated  innovative  ideas  and  new-  findings. 

Again,  for  brevity,  all  the  sleep  work  carried  out  primarily  by  Drs.  Gillin 
Mendel  son,  and  Sitaram,  is  reported  in  the  Annual  Report  of  the  Biological 
Psychiatry  Branch  of  DSRB,  IRP.  Dr.  Gillin  has  expanded  his  studies  of  acetyl- 
choline and  REM  sleep  into  acetylcholine's  role  in  memory.  Dr.  Mendel  son's 
book.  Human  Sleep  and  Its  Disorders,  has  been  extremely  well  reviewed.  Drs. 
Gillin  and  Mendelson  have  been  heavily  involved  in  the  Institute  of  Medicine's 
study  on  barbiturates. 

Our  relationship  with  Saint  Elizabeths  Hospital  continues  to  improve.  We 
now  have  a  number  of  collaborative  studies  under  way  with  other  Saint  Elizabeths 
Hospital  divisions,  some  of  which  we  hope  will  have  direct  benefit  to  the 
patient  care  in  these  divisions.  Our  collaborations  both  within  and  outside 
the  Institute  also  continue  to  grow.  During  the  year,  we  have  had  collaborative 
studies  with  22  universities. 

During  the  year.  Dr.  John  Carman  won  the  A.  E.  Bennett  Award  as  the  out- 
standing young  clinical  investigator  for  his  studies  of  calcium  metabolism  in 
psychotic  patients  switching  from  one  state  to  another.  Dr.  Bigelow  provided 
new  insight  about  how  to  perform  clinical  trials  in  small  numbers  of  patients. 
Dr.  Stillman's  demonstration  that  marijuana  suppresses  left  hemispheric  function 
relative  to  the  right  has  provided  new  knowledge  as  to  why  people  use  marijuana. 

A  number  of  Dr.  Karoum's  techniques  for  measuring  biogenic  amines  and 
their  metabolites  are  being  used  by  other  laboratories  and  he  finds  himself 
being  consulted  almost  daily  by  scientists  from  all  over  the  world  who  want  to 
use  his  techniques.  Similarly,  Dr.  Neckers  has  been  widely  consulted  about 
his  use  of  high  pressure  liquid  chromatography.  Dr.  Wise  came  to  us  to  try  to 
resolve  some  differences  between  laboratories  on  one  enzyme  (DBH)  and  has 
contributed  considerably  in  understanding  another  (MAO).  Dr.  Stoff's  rat 
activity  chamber  for  chronic  study  has  begun  to  function  and  even  before  he 
finishes  it  is  being  adapted  for  use  in  other  laboratories.  Dr.  Perlow  has 
been  able  to  show  that  monkeys  have  melatonin  rhythms  similar  to  the  rat  and 
unlike  the  human. 

Our  work  with  Dr.  Murphy  on  platelet  MAO  activity  and  schizophrenia  has 
continued  to  be  very  fruitful.  We  have  delineated  subgroups  of  chronic  schizo- 
phrenic patients  who  have  decreased  MAO  activity  and  continue  efforts  to 
determine  whether  the  low  MAO  activity  has  physiological  significance. 

Our  analysis  of  the  costs  of  schizophrenia  was  uncorporated  into  the 
President's  Commission  report  on  mental  health. 

As  the  year  closes,  there  are  a  number  of  developments  on  the  horizon 
that  should  make  next  year  even  more  exciting  and  productive  than  this  one. 
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Laboratory  of  Neuropharmacology 
Richard  Jed  Wyatt,  M.D.,  Acting  Chief 

This  is  the  tenth  annual  report  of  the  Laboratory  of  Neuro- 
pharmacology.  Since  the  last  report,  Ms.  Eleanor  Krauthamer 
has  been  detailed  to  the  Laboratory  of  Preclinical  Pharmacology 
and  Mr.  Paul  Oliver  has  been  detailed  to  the  Laboratory  of 
Clinical  Psychopharmacology.   Dr.  Forrest  Weight,  the  only 
senior  scientist  remaining  in  the  Laboratory,  was  offered 
the  opportunity  to  head  a  laboratory  in  NIAAA  during  the 
middle  of  the  year.  He  accepted  this  offer  and,  although  he 
will  not  transfer  geographically  until  sometime  in  September 
1978,  he  was  part  of  NIAAA  during  the  last  several  months  of 
Fiscal  1978.   His  work  is  well  summarized  in  the  report  of  the 
Section  on  Synaptic  Pharmacology.   Dr.  Weight's  leaving  will 
end  an  exciting  period  of  scientific  investigation  in  the 
Laboratory  of  Neuropharmacology.   The  four  principal  investigators 
of  this  laboratory,  Drs.  Bloom,  Siggins,  Eoffer  and  Weight, 
have  all  gained  national  and  international  reputations  for 
their  scientific  contributions. 

During  the  year,  efforts  to  find  a  new  chief  for  the  laboratory 
were  markedly  hampered  by  a  Federal  freeze  on  all  employment, 
as  well  as  a  threat  of  loss  of  positions  for  the  laboratory. 
These  issues  were  not  entirely  reconcilled  until  the  middle 
of  the  year  when  it  became  clear  that  it  would  be  possible 
to  choose  a  new  laboratory  chief.   The  committee  that  Dr.> 
Eberhart  had  set  up  in  1977  to  identify  an  area  and  direction 
that  the  laboratory  could  go  in,  renewed  its  efforts.   At 
this  point,  however,  no  firm  commitment  as  to  a  direction 
has  been  made,  but  when  it  is,  a  formal  committee  will  be 
set  in  place  which  will  solicit  applications  for  a  new 
chief. 
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SECTION  ON  SYNAPTIC  PHARMACOLOGY 
Forrest  P.  Weight,  M.D.,  Chief 

The  research  activities  of  the  Section  on  Synaptic 
Pharmacology  will  be  terminated  in  NIMH  on  or  around 
September  30,  1978  due  to  the  transfer  of  Dr.  Weight, 
Dr.  Campbell  and  Dr.  Doller  to  NIAAA,  and  the  expiration 
of  Dr.  Smith's  visiting  fellow  position. 

This  summary  report  will  outline  the  progress  of  the 
Section  toward  the  accomplishment  of  its  goals.   The  mission  of 
the  Section  on  Synaptic  Pharmacology  is  the  elucidation  of  the 
cellular  basis  of  nervous  system  function.   This  goal  has  been 
approached  by  multidisciplinary  studies  including  physiology, 
pharmacology,  anatomy  and  biochemistry  focusing  particularly  on 
understanding  the  communication  between  nerve  cells  at  synapses. 
The  purpose  of  these  investigations  is  to  provide  fundamental 
knowledge  on  the  cellular  basis  of  nervous  system  function, 
which  will  provide  a  foundation  for  our  future  understanding  of 
the  biological  basis  of  mental  illness. 

The  investigations  of  the  Section  on  Synaptic  Pharmacology 
have  centered  around  six  major  questions,  which  will  serve  as 
the  organizational  basis  for  this  summary:  (1)  the  control  and 
modulation  of  transmitter  release;  (2)  the  membrane  permeability 
changes  resulting  from  transmitter  action;  (3)  the  molecular 
mechanisms  involved  in  the  synaptic  control  of  membrane 
permeability;  (4)   long-lasting  control  of  postsynaptic  membrane 
permeability  and  the  modulation  of  synaptic  transmission 
efficacy;  (5)  the  effect  of  psychotherapeutic  agents  on 
synaptic  transmission  mechanisms;  and  (6)  cellular  actions 
of  drugs  and  transmitters  in  the  mammalian  central  nervous 
system. 

I.   HOW  IS  TRANSMITTER  RELEASE  CONTROLLED  AND  MODULATED? 

One  of  the  important  aspects  of  synaptic  transmission  is 
the  release  of  the  chemical  transmitter.   In  order  to  understand 
the  mechanisms  involved  in  the  control  and  modulation  of 
transmitter  release,  we  have  studied  three  aspects  of 
transmitter  release:   (1)  the  role  of  potassium  in  the  control 
of  transmitter  release;  (2)  the  role  of  temperature  in 
transmitter  release;  and  (3)  physiological  mechanisms  modulating 
the  release  of  synaptic  transmitter.   These  studies  will  be 
briefly  siommarized. 

Role  of  Potassiimi  in  the  Control  of  Transmitter  Release. 

Potassium  ions  have  been  found  in  previous  studies  to 
accumulate  extracellularly  in  the  nervous  system  with  repetitive 
nervous  activity.   There  is  little  information,  however,  on  the 
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physiological  effects  and  functional  significance  of  increased 
extracellular  potassivim.   In  this  investigation,  we  studied  the 
effect  of  changing  extracellular  potassium  concentration  on 
synaptic  transmitter  release  at  the  squid  giant  synapse.   We 
found  that  an  increase  in  extracellular  potassium  decreases 
the  release  of  transmitter.   This  depression  of  transmitter 
release  is  due  to  a  change  in  the  amplitude  of  the  presynaptic 
action  potential.   Such  a  depression  of  transmitter  release 
could  be  important  functionally  when  nervous  activity  results  in 
an  accumulation  of  extracellular  potassium. 

Role  of  Temperature  in  Transmitter  Release. 

Transmitter  release  has  been  found  to  be  temperature 
sensitive  in  previous  investigations;  however,  in  those  studies 
it  was  not  possible  to  determine  if  the  changes  in  transmitter 
release  were  due  to  effects  of  temperature  on  the  amplitude  of 
the  presynaptic  action  potential,  because  at  most  synaptic 
junctions  the  presynaptic  spike  can  not  be  recorded.   We  studied 
this  problem  at  the  squid  giant  synapse,  where  it  is  possible  to 
record  the  presynaptic  action  potential  intracellular ly.   We 
found  that  a  change  in  presynaptic  spike  height  does  not  appear 
to  be  the  major  factor  involved  in  the  sensitivity  of 
transmitter  release  to  temperature.   The  effect  of  temperature 
on  transmitter  release  is  therefore  likely  to  involve  other 
factors  such  as  temperature  sensitivity  of  the  release 
mechanism. 

Physiological  Mechanisms  Modulating  the  Release  of  Synaptic 
Transmitter. 

The  modulation  of  transmitter  release  by  physiological 
activity  may  play  an  important  role  in  the  processing  of 
information  in  the  nervous  system.   The  knowledge  that 
repetitive  activity  of  a  neuron  or  axon  results  in  an 
accumulation  of  extracellular  potassium,  together  with  the 
evidence  that  increasing  extracellular  potassium  concentration 
decreases  transmitter  release  (see  above) ,  prompted  us  to 
investigate  whether  the  accumulation  of  extracellular  potassium 
resulting  from  a  train  of  impulses  in  a  postsynaptic  structure 
might  modulate  the  release  of  transmitter  from  the  presynaptic 
terminal.   We  found  that  repetitive  action  potentials  in  the 
postsynaptic  axon  of  the  squid  synapse  results  in  a  depression 
of  transmitter  release  from  the  presynaptic  terminal,  and  this 
effect  results  from  the  accumulation  of  extracellular  potassiiim 
ions.   The  modulation  of  transmitter  release  by  repetitive 
postsynaptic  action  potentials  can  function  as  a  negative 
feedback  mechanism  to  inhibit  impulse  transmission  through  a  . 
synapse.   In  this  way,  the  accumulation  of  extracellular 
potassium  resulting  from  physiological  activity  may  modulate 
synaptic  transmission  and  function  as  an  integrative  mechanism 
in  the  nervous  system. 
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II.   WHAT  ARE  THE  MEMBRANE  PERMEABILITY  CHANGES  RESULTING  FROM 
TRANSMITTER  ACTION? 


A  second  important  aspect  of  synaptic  transmission  is  the 
effect  of  the  synaptic  transmitter  on  the  postsynaptic  neuron  to 
'generate  postsynaptic  responses.   In  order  to  be  able  study  in 
detail  the  mechanisms  by  which  synaptic  transmitter  action  on 
[postsynaptic  receptors  leads  to  the  generation  of  postsynaptic 
'responses,  it  is  necessary  to  be  able  to  stimulate  selectively  a 
'specific  synaptic  pathway,  to  know  the  identity  of  the  synaptic 
; transmitter,  and  to  know  the  types  of  postsynaptic  receptors 
'activated  by  the  transmitter.   To  achieve  this  goal,  we  have 
I  investigated  postsynaptic  mechanisms  of  transmitter  action,  in  a 
Imodel  where  these  factors  can  be  precisely  defined  and  studied, 
the  sympathetic  ganglion  of  the  bullfrog.   In  these  investiga- 
tions, we  have  identified  and  characterized  the  synaptic 
! transmitters,  and  the  postsynaptic  receptors  involved  in  the 
'generation  of  postsynaptic  responses.   We  have  then  used  these 
defined  synaptic  pathways  to  study  and  elucidate  the  membrane 
and  molecular  mechanisms  involved  in  different  types  of  post- 
synaptic responses,  and  to  study  the  synaptic  mechanisms  of 
psychotherapeutic  drug  action. 

Identification  and  Characterization  of  Synaptic  Pathways, 
Synaptic  Transmitters  and  Postsynaptic  Receptors. 

A  combination  of  electron  microscopic,  histochemica;|., 
pharmacological,  and  electrophysiological  methods  were  utilized 
in  this  investigation.   The  neurons  in  the  sympathetic  ganglia 
of  the  bullfrog  were  found  to  be  unipolar,  and  were  innervated 
by  a  single  preganglionic  axon.   The  cholinergic  preganglionic 
fiber  stained  for  acetylcholinesterase  and  was  observed  in  both 
the  light  and  the  electron  microscope  to  spiral  around  the  axon 
hillock  of  the  ganglion  cell  before  arborizing  and  making 
synaptic  contact  with  the  neuron.   Most  synapses  were  legated  on 
the  soma,  a  situation  well  suited  for  studying  the  permeability 
mechanisms  involved  in  the  generation  of  postsynaptic  responses. 

With  intracellular  recording,  two  types  of  neurons  have 
been  identified,  B  cells  and  C  cells;  each  type  of  neuron 
receives  a  single  monosynaptic  connection  from  different 
presynaptic  nerves.   The  presynaptic  fibers  in  the  sympathetic 
chain  synapse  with  B  cells,  and  the  presynaptic  fibers  in  the 
eighth  nerve  synapse  with  C  cells.   Selective  stimulation  of 
each  of  these  presynaptic  nerves  elicits  a  fast  excitatory 
postsynaptic  potential  (fast  EPSP)  in  each  cell  type. 
Administration  of  acetylcholine  (ACh)  by  iontophoresis  mimics 
the  fast  EPSP,  and  both  the  fast  EPSP  and  the  ACh  response  are 
blocked  by  nicotinic  antagonists,  indicating  that  ACh  is  the 
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I  transmitter  activating  nicotinic  postsynaptic  receptors.   In  the 
^presence  of  nicotinic  antagonists,  repetitive  stimulation  of  the 
separate  presynaptic  nerves  produces  slow  synaptic  potentials  of 
opposite  types  in  the  two  cell  types.   Stimulation  of  the 
sympathetic  chain  produces  a  slow  excitatory  postsynaptic 
potential  (slow  EPSP)  in  B  cells,  and  stimulation  of  the  eighth 
nerve  produces  a  slow  inhibitory  postsynaptic  potential  (slow 
IPSP)  in  C  cells.   Both  the  slow  EPSP  and  the  slow  IPSP  are 
mimicked  by  the  iontophoretic  administration  of  ACh  to  B  and  C 
cells,  respectively.   The  muscarinic  antagonist,  atropine, 
blocks  the  effects  of  iontophoretically  applied  ACh  and  both  the 
slow  EPSP  and  the  slow  IPSP,  indicating  that  both  the  slow  EPSP 
and  the  slow  IPSP  are  mediated  by  ACh  activating  muscarinic 
postsynaptic  receptors. 

The  fluorescence  histochemical  method  demonstrates  that 
there  are  small  intensely  fluorescent  (SIF)  cells  distributed 
randomly  in  the  ganglia  and  located  in  the  vicinity  of  blood 
vessels.    Histochemistry  with  the  chromaffin  reaction  reveals 
that  the  SIF  cells  are  a  type  of  chromaffin  cell.   Electron 
microscopy  shows  that  ultrastructurally  the  SIF-chromaf f in  cells 
appear  to  be  identical  to  the  chromaffin  cells  in  the  adrenal 
gland.   The  SIF -chromaffin  cells  do  not  have  the  morphological 
characteristics  of  interneurons  and  thus  are  apparently  not 
involved  in  the  mediation  of  synaptic  potentials.   This  is  in 
accord  with  the  anatomical  and  physiological  data  cited 
previously,  that  the  fast  and  slow  synaptic  potentials  are  due 
to  cholinergic  innervation  of  the  neurons. 

Synaptic  Control  of  Postsynaptic  Membrane  Permeability.  ' 

Synaptic  excitation  results  from  an  increased  permeability 
of  the  postsynaptic  membrane  at  most  chemically  transmitting 
synapses  that  have  been  investigated.   This  has  also  been  found 
to  be  the  case  for  the  fast  EPSP  in  these  sympathetic  neurons, 
where  the  transmitter  ACh,  acting  on  nicotinic  receptors, 
increases  the  postsynaptic  permeability  to  sodium  and  potassium 
ions.   Investigation  of  the  slow  EPSP  has  revealed  that,  in 
contrast  to  the  increased  permeability  associated  with  most 
other  EPSPs,  the  slow  EPSP  is  generated  by  a  decrease  in 
membrane  permeability.   Electrophysiological  analysis  indicates 
that  the  mechanism  of  generation  of  the  slow  EPSP  is  a  decrease 
in  the  permeability  of  the  membrane  to  potassium  ions.   Because 
of  the  in  vitro  nature  of  the  preparation,  and  the  fact  that  the 
transmitter  is  known  to  be  ACh,  it  has  been  possible  to  apply 
ACh  iontophoretically  and  change  extracellular  potassium  ions  to 
obtain  additonal  data  supporting  this  mechanism.   Investigation 
of  the  slow  IPSP  indicates  that  it  is  also  generated  by  a 
decrease  in  membrane  permeability,  in  contrast  to  the  increased 
permeability  associated  with  most  other  IPSPs. 
Electrophysiological  analysis  of  the  slow  IPSP  indicates  that 
the  decreased  permeability  is  predominantly  to  sodium  ions.   The 
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iontophoretic  administration  of  ACh  and  changing  extracellular 
sodium  has  provided  supporting  data  for  this  mechanism.   There 
are  a  number  of  suggestions  that  similar  synaptic  mechanisms  are 
involved  in  slow  postsynaptic  potentials  in  the  central  nervous 
system;  however,  because  of  various  technical  and  experimental 
limitations,  it  has  not  been  possible  to  adequately  characterize 
those  mechanisms.  Now  that  various  types  of  synaptic  mechanisms 
have  been  elucidated  in  this  preparation,  it  is  possible  to 
investigate  the  molecular  mechanisms  involved  in  the  generation 
of  these  synaptic  potentials, 

III.   WHAT  ARE  THE  MOLECULAR  MECHANISMS  INVOLVED  IN  THE  SYNAPTIC 
CONTROL  OF  MEMBRANE  PERMEABILITY? 

Role  of  Cyclic  Nucleotides  in  Synaptic  Potential  Generation 

In  an  attempt  to  determine  the  molecular  mechanisms 
underlying  synaptic  potential  generation,  the  possibility  that 
cyclic  nucleotides  may  act  as  intracellular  second  messengers 
has  been  investigated.   In  collaborative  experiments  with  Dr.  P. 
Greengard  (Yale  Univ.),  it  has  been  found  that  brief  stimulation 
of  preganglionic  nerve  fibers  results  in  a  rapid  and  significant 
increase  in  both  cyclic  guanosine  monophosphate  (cyclic  GMP)  and 
cyclic  adenosine  monophosphate  (cyclic  AMP) .   The  increase  in 
cyclic  GMP  and  cyclic  AMP  content  that  occurs  with  stimulation 
in  normal  Ringer's  solution  is  not  observed  in  ganglia 
stimulated  in  a  high  magnesium,  low-calcium  Ringer,   Atropine,  a 
muscarinic  cholinergic  antagonist  that  blocks  both  the  slow  IPSP 
and  the  slow  EPSP  in  this  tissue,  also  blocks  the  increase  in 
cyclic  GI4P,  but  not  the  increase  in  cyclic  AMP.   These  data  are 
consistent  with  the  possibility  that  cyclic  GMP  may  be  involved 
in  the  postsynaptic  action  of  acetylcholine  at  muscarinic 
cholinergic  synapses.   Further  investigation  is  necessary  to 
determine  the  postsynaptic  receptors  involved  in  the  cyclic  AMP 
activation. 

In  view  of  the  preceding  data,  the  possibility  that  cyclic 
nucleotides  might  mediate  the  permeability  changes  underlying 
the  generation  of  the  slow  postsynaptic  potentials  was 
investigated  by  electrophysiological  techniques.   Consistent 
with  this  possibility,  we  found  a  potentiation  of  the  slow  IPSP 
by  theophylline,  an  inhibitor  of  phosphodiesterase  -  the 
enzyme  that  breaks  down  cyclic  nucleotides.   However, 
theophylline  also  had  direct  membrane  actions  that  might  account 
for  this  potentiation.   Furthermore,  the  administration  of 
cyclic  GMP,  cyclic  Af-lP,  and  their  derivatives,  had  no  consistent 
effect  on  membrane  potential.   Thus,  at  present  it  appears 
that  the  increases  in  cyclic  nucleotides  elicited  by  stimulation 
of  presynaptic  afferents  may  have  functional  roles  other  than 
mediation  of  postsynaptic  potentials  in  these  neurons. 
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Role  of  Electrogenic  Sodium  Pump  in  Slow  Synaptic  Inhibition. 

Another  molecular  mechanism  that  might  be  involved  in 
postsynaptic  potential  generation  was  also  investigated.   We 
studied  the  possibility  that  the  slow  IPSP  might  be  due  to  the 
synaptic  activation  of  the  electrogenic  sodixom  pump.   In  this 
project,  the  activation  and  inhibition  of  the  electrogenic 
sodium  pump  was  first  studied  and  characterized.   We  found  that 
potassixim-free  Ringer  and  ouabain  are  effective  inhibitors  of 
the  electrogenic  sodivun  pump  in  this  tissue.   These  inhibitors 
were  then  tested  on  the  generation  of  the  slow  IPSP.   It  was 
found  that  they  do  not  block  the  slow  IPSP.   These  data  indicate 
that  the  slow  IPSP  does  not  result  from  a  synaptic  activation  of 
the  electrogenic  sodium  pump. 

IV.  DOES  LONG-LASTING  CONTROL  OF  POSTSYNAPTIC  MEMBRANE 
PERMEABILITY  MODULATE  THE  EFFICACY  OF  TRANSMISSION 
AT  SYNAPSES? 

The  synapse  functions  as  the  communication  link  between 
nerve  cells.   An  understanding  of  the  mechanisms  by  which 
synaptic  transmission  can  be  modulated  may  therefore  be 
important  in  the  elucidation  of  the  cellular  mechanisms 
underlying  complex  nervous  system  functions.   The  vast  majority 
of  postsynaptic  responses  are  of  very  short  duration  (msec)  and 
thus  postsynaptic  interactions  are  brief  and  require  a  high 
degree  of  synchrony.   Furthermore,  at  most  synapses  the 
postsynaptic  potentials  are  generated  by  increases  in  membrane 
permeability  and  when  such  postsynaptic  potentials  combine  the 
result  is  at  most  their  sum,  and  often  it  is  less.   As  indicated 
previously,  the  slow  postsynaptic  potentials  are  generated  by 
decreases  in  membrane  permeability,  which  is  measured  by 
electrophysiological  techniques  as  an  increase  in  the  membrane ' s 
electrical  resistance.   Such  an  increase  in  membrane  resistance 
would  be  expected  to  increase  the  amplitude  of  fast  EPSPs.   We 
tested  this  possibility  and  found  that  the  slow  decreases  in 
membrane  permeability  can  increase  the  effectiveness  of  impulse 
transmission  at  synapses.   Slow  decreases  of  membrane 
permeability  of  sufficient  magnitude  increased  the  amplitude  of 
monosynaptic  fast  EPSPs.   By  this  postsynaptic  mechanism, 
activation  of  one  synaptic  pathway  causes  an  increase  in  the 
transmission  of  impulses,  lasting  several  minutes,  across 
another  synapse.   By  augmenting  rather  than  diminishing,  a 
convergent  synaptic  input,  a  decrease  in  membrane  permeability 
can  make  that  synaptic  input  more  effective  in  the  generation  of 
postsynaptic  action  potentials.   Increasing  transmission  in  a 
synaptic  pathway  by  decreasing  postsynaptic  membrane 
permeability  may  be  an  important  mechanism  in  information 
processing  in  the  nervous  system.   Long-teinn  control  of  such 
postsynaptic  membrane  properties  might  provide  a  cellular 
mechanism  for  the  storage  of  information. 
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V.  WHAT  ARE  THE  SYNAPTIC  MECHANISMS  OF  PSYCHOTHERAPEUTIC 
DRUG  ACTION? 

I     The  cellular  mechanisms  of  action  of  lithium  in  the  nervous 
'system  are  of  interest  because  of  its  importance  in  treating 
I manic-depressive  psychosis.   Replacing  sodium  in  the  Ringer's 
solution  by  lithium,  we  found  first  that  lithium  produces  a 
hyperpolarization  and  a  decrease  in  the  ionic  conductance  of 
'the  membrane,  indicating  that  lithium  ions  are  less  permanent 
than  sodium  ions.   Secondly,  we  found  that  lithium  concentration 
'builds  up  intracellular ly,  presiimably  because  it  is  not  extruded 
I  by  the  electrogenic  sodium  pump.   Third,  lithium  inhibits  the 
! generation  of  the  slow  IPSP.   The  mechanism  of  this  lithium 
j action  has  not  yet  been  elucidated  and  is  currently  the  subject 
'of  active  investigation. 

VI.  WHAT  ARE  THE  CELLULAR  ACTIONS  OF  DRUGS  AND  TRANSMITTERS 
I      IN  THE  CENTRAL  NERVOUS  SYSTEM? 

In  order  to  understand  the  central  actions  of  drugs  and 
transmitters,  two  types  of  studies  have  been  carried  out  on 
mammalian  central  nervous  system:  (1)  dopamine  and  haloperidol 
actions  on  central  neurons;  and  (2)  physiological  and 
pharmacological  characterization  of  synaptic  pathways  in 
hippocampal  cortex,  in  vitro. 

Dopamine  and  Haloperidol  Actions  on  Central  Neurons. 

Dopamine  has  been  implicated  in  clinical  disorders  of  the 
extrapyramidal  motor  system.   The  possibility  of  a  role  of 
dopamine  in  schizophrenia  has  also  been  suggested.   We  have 
studied  dopamine  actions  on  neurons  in  the  subthalamic  nucleus, 
which  is  part  of  the  extrapyramidal  system.   Patients  with 
hemiballismus  have  been  found  to  have  lesions  in  the  subthalamic 
nucleus.   Recent  studies  have  reported  that  hemiballismus  can 
often  be  treated  by  neuroleptics  such  as  haloperidol.   In  our 
investigation  we  found  evidence  for  dopamine  receptors  on 
subthalamic  neurons.   Furthermore,  haloperidol  appears  to 
interfere  with  the  activation  of  certain  of  these  receptors  by 
dopamine . 

Synaptic  Pathways  in  Hippocampal  Cortex,  in  vitro. 

The  hippocampus  is  a  cortical  area  of  the  CNS  that  has 
been  implicated  in  learning  and  behavior.   We  have  studied 
slices  of  the  hippocampus  in  vitro.   In  this  way  it  is  possible 
to  visualize  the  neuronal  cell  layers  and  the  synaptic  pathways 
as  well  as  to  change  extracellular  ion  concentrations  and  to 
apply  drug  solutions  in  known  concentration.   We  have  identified 
various  synaptic  pathways  and  their  cellular  responses  in 
different  regions  of  the  hippocampus .   These  pathways  are  now 
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I  being  used  to  study  the  nature  of  the  synaptic  transmitter 

released  and  the  interaction  of  psychotrophic  and  other 

centrally  acting  drugs  with  these  synaptic  pathways.   In 
'addition,  a  long-term  potentiation  of  synaptic  transmission, 

which  may  be  a  cellular  equivalent  of  behavioral  conditioning 

is  also  the  subject  of  current  investigation. 

CONCLUSIONS 

The  preceding  summary  indicates  that  fundamental 
neurobio logical  investigations,  using  a  multidisciplinary 
approach,  have  defined  synaptic  pathways,  identified  synaptic 
transmitters  and  characterized  postsynaptic  receptors.   This 
basic  information  has  been  used  to  investigate  the  different 
types  of  membrane  and  molecular  mechanisms  by  which  synapses 
transfer  information  from  one  nerve  cell  to  another.   The 
characterization  of  several  types  of  synaptically  activated 
membrane  permeability  changes  has  led  to  the  elucidation  of  a 
neuronal  mechanism  that  may  function  as  a  cellular  mechanism  for 
information  storage  in  the  nervous  system.  Additionally,  the 
understanding  of  the  cellular  mechanisms  of  synaptic 
transmission  provides  a  locus  for  investigating  the  synaptic 
basis  of  psychotherapeutic  drug  action  in  the  nervous  system. 
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Again  this  year,  the  activities  of  the  staff  of  the  SMRP  have  led  to  some 
important  new  findings  and  to  the  consolidation  of  previously  made  discoveries. 
The  reports  that  the  affinity  for  the  benzodiazepine  binding  to  brain  mem- 
branes is  faster  than  that  for  the  membranes  of  other  tissues  has  generated 
speculation  that  the  high  affinity  receptors  for  benzodiazepines  were  those 
for  the  brain's  awn  antianxiety  substance.'  On  a  practical  standpoint,  such 
speculations  suggested  that  the  study  of  the  endogenous  ligand  for  benzodia- 
zepine receptors  may  contribute  information  on  an  endogenous  biochemical 
mechanism  underlying  the  etiology  of  anxiety.  With  the  help  of  Dr.  G.  Toffano, 
a  guest  worker  from  Italy,  Dr.  Guidotti  planned  experiments  to  resolve  whether 
the  high  affinity  binding  site  for  benzodiazepines  was  operative  in  the  regu- 
lation of  GABAergic  transmission. 

Previous  work  from  our  laboratory  had  marshalled  evidence  showing  that 
benzodiazepines  may  relieve  anxiety  and  block  conAmlsions  by  acting  at  the 
GABAergic  synapses.  Drs.  Guidotti  and  Toffano  found  that  the  affinity  binding 
of  GABA  to  synaptic  membranes  is  inhibited  by  an  endogenous  thermostable  pro- 
tein (about  15,000  daltons)  which  they  have  isolated  and  partially  purified 
(500-fold) .  This  modulator  binds  to  a  site  located  in  brain  membranes  where 
it  blocks  protein  kinase  and  lowers  the  affinity  of  the  binding  sites  for 
GABA.  Presumably,  this  modulator  by  decreasing  protein  kinase  activity  regu- 
lates the  affinity  of  the  recognition  sites  for  GABA  in  the  low  affinity  range. 
When  the  modulator  is  released,  the  protein  kinase  activity  of  the  membrane 
and  the  number  of  high  affinity  recognition  sites  for  GABA  are  increased.  The 
kinetics  whereby  the  membrane  bound  modulator  regulates  GABA  binding  is  similar 
in  many  ways  to  that  of  the  allosteric  regulator.   Although  we  do  not  under- 
stand how  the  biosynthesis  and  binding  of  this  endogenous  modulator  is  regu- 
lated, there  is  evidence  indicating  that  diazepam  can  displace  it  by  an 
apparent  competitive  mechanism.  However,  since  the  regulatory  site  for  GABA 
binding  can  be  occupied  by  either  the  modulator,  another  membrane  protein,  or 
a  drug,  the  kinetics  remain  rather  complex.  The  displacement  of  the  endogenous 
modulator  from  the  membrane  binding  site  by  diazepam  is  regulated  by  the  nature 
of  the  interaction  between  the  modulator  and  a  high  affinity  binding  protein 
which  directly  regulates  the  high  affinity  Na"^"^  independent  binding  of  GABA. 
This  GABA  binding  is  associated  with  postsynaptic  receptors.  Drs.  Baraldi  and 
Guidotti  are  currently  clarifying  whether  the  regulation  of  the  GABA  affinity 
and  of  the  protein  kinase  activity  are  causally  related.  These  efforts  are 
helped  by  the  discovery  made  in  collaboration  with  Dr.  J.  Schwartz  that  the  C6 
glioma  cell  line  contains  high  and  low  affinity  Na'*'  independent  GABA  binding 
sites,  the  inhibitor  protein  and  the  high  affinity  binding  site  for  diazepam. 

The  present  understanding  on  the  regulation  of  enkephalin  biosynthesis  has 
progressed  during  the  last  year  by  virtue  of  the  work  done  by  Drs.  Yang, 
Di  Giulio,  Hong  and  Fratta.  Together,  they  have  shown  that  striatum  which 
contains  high  amounts  of  enkephalins,  fails  to  store  beta -endorphin,  thus 
this  endogenous  peptide  does  not  function  as  an  enkephalin  precursor.   Other 
peptides  that  may  function  as  precursors  of  striatal  enkephalin  have  been 
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identified.  These  new  peptides  are  currently  being  sequenced  by  a  combined 
mass  fragmentographic  and  enzymatic  method  by  Drs.  Cheney,  Schmid  and  Peralta 
(a  guest  worker  from  Spain) .  Using  the  myenteric  plexus  and  electrical  stimu- 
li, Drs.  Meek  and  Bohan  (a  PRAT  fellow)  have  characterized  the  reserve  limit 
of  enkephalin  synthesizing  mechanisms  when  they  are  challenged  by  various 
stimuli  frequencies.  These  methodologies  will  generate  sufficient  basic  in- 
formation to  allow  for  the  interpretation  of  the  observation  made  by  Dr. 
Hong  and  colleagues  that  all  the  antipsychotics  which  block  dopamine  receptors 
selectively,  increase  striatal  and  N.  accumbens  content  of  leu-  and  met- 
enkephalin  when  given  chronically  to  rats.  This  increase  in  enkephalin  con- 
tent persists  for  7  to  10  days  following  the  termination  of  the  chronic  ad- 
ministration of  the  antipsychotic.  A  single  injection  of  even  high  doses  of 
the  antipsychotics  is  devoid  of  any  significant  effects  on  the  enkephalin  con- 
tent. Using  indirect  methods  to  measure  the  rate  of  synthesis  of  enkephalins, 
Drs,  Hong  and  Yang  obtained  evidence  that  during  chronic  administration  of 
the  antipsychotics,  enkephalin  synthesis  is  enhanced  in  brain  regions  where 
enkephalin  content  is  increased.  These  results  allow  to  extrapolate  that  a 
possible  result  of  chronic  antipsychotic  medication  might  be  that  of  incre- 
menting the  endogenous  production  of  enkephalin  in  selected  brain  areas  where 
enkephalin  production  is  limited  by  dopamine  receptor  activation.  Perhaps, 
some  symptoms  of  schizophrenia  are  ameliorated  in  the  presence  of  an  increased 
production  of  enkephalin. 

Antidepressants  given  chronically,  or  acutely,  fail  to  increase  the  enke- 
phalin content  of  various  brain  areas:  however,  Drs.  Gillin  (SMRC)  Hong  and 
Yang  have  found  that  lithium  and  electroshock  when  given  chronically  and  with- 
in defined  limitations  of  dose  frequency  can  increase  the  leu-  and  met-enke- 
phalin  content  of  striatum,  N.  accumbens,  septum  and  amygdala.  The  time 
course  of  this  reponse  differs  from  the  increase  in  enkephalin  content  elicit- 
ed by  haloperidol  and  other  antipsychotics.  Data  are  now  being  collected  on 
the  mechanisms  that  are  operative  in  the  action  of  lithium  and  electroshock 
on  enkephalin  stores  of  selected  brain  structures.  Recently,  Drs.  Di  Giulio 
and  Lutold  (guest  worker  from  Switzerland)  made  the  remarkable  discovery  that 
both  leu-  and  met -enkephalins  are  present  in  sympathetic  ganglia  and  that  the 
enkephalin  content  of  celiac  ganglia  from  spontaneous  hypertensive  rats  is 
smaller  than  that  of  control  rats.  Since  decentralization  appears  to  increase 
the  enkephalin  content  in  ganglia  we  are  now  investigating  where  the  enkepha- 
lins are  stored  and  whether  there  is  an  increase  or  a  decrease  in  the  pro- 
duction and  release  of  ganglionic  enkephalins  in  spontaneous  hypertensive  rats 
following  decentralization. 

Drs.  Chuang,  Hollenbeck,  Guidotti  Chikvaidze  (guest  worker  from  U.S.S.R.) 
and  Kumakura  have  continued  their  study  on  the  trans -synaptic  modulation  of 
gene  expression  using  two  novel  models:  primary  cultures  of  chromaffin  cells 
from  adrenal  medulla  and  a  neuroblastoma  cell  line.  Both  models  have  enhanced 
the  versatility  of  our  studies  which  were  aimed  to  show  how  nuclear  metabolism 
of  RNA  messengers  is  influenced. by  persistent  activation  of  membrane  receptors, 
for  acetylcholine. 

Drs.  Grandison  and  Guidotti  have  continued  the  study  on  the  hypothalamic 
regulation  of  eating  patterns  and  have  found  that  bicuculline  blocks  the 
actions  of  muscimol  and  morphine,  suggesting  that  both  receptors  operate 
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via  an  inhibition  of  the  function  of  CI -channels  where  the  protective  action 
of  bicuculline  occurs. 

Drs.  Commissiong,  Gentleman  and  Neff  have  continued  their  study  on  the 
characterization  of  the  dopaminergic  pathway  that  they  recently  discovered  in 
the  spinal  cord.  Drs.  luvone  and  Neff  have  furthered  our  understanding  on 
the  correlation  between  retinal  stimulation  by  light  and  the  changes  in 
kinetic  profile  of  retinal  tyrosine  hydroxylase. 

The  regulation  of  the  production  and  secretion  of  nerve  growth  factor  by 
glial  cells  appears  to  be  regulated  by  the  activation  of  transmitter  receptors 
located  in  the  glial  cell  membrane.  As  a  corollary  of  this  study,  Dr. 
Schwartz  has  formulated  a  model  whereby  neurons  can  regulate  the  production 
of  nerve  growth  factor  by  glial  cells.  This  mechanism  involves  a  feedback 
loop  between  neurons  and  glial  cells,  the  end  point  of  neuron- glial  cell 
interaction  is  the  activation  of  the  production  and  secretion  of  nerve  growth 
factor  by  the  glial  cells  as  a  result  of  the  transmitter  mediated  activation 
of  certain  receptors.  This  factor  is  transported  to  the  neuronal  antidromi- 
cally  machine  that  regulates  protein  synthesis. 

'Drs.  Cheney,  Moroni,  and  Revuelta  have  made  a  significant  break  through 
in  our  understanding  of  the  involvement  of  hippocarapal  cholinergic  axons  in 
the  action  of  marijuana  and  have  shox«i  that  this  action  is  specifically  re- 
lated to  the  psychotomimetic  action.  Drs.  Cheney,  Wood  (guest  worker  from 
Canada)  Nforoni,  Peralta  and  Robinson  have  continued  their  studies  on  the 
interactions  between  peptides,  monoamines  and  GABA  in  the  regulation  of  the 
septum  hippocampal  cholinergic  pathway  and  the  strio-nigral  and  strio  pallidal 
GABAergic  pathways. 

Group  on  High  Pressure  Liquid  Chromatography  (J. Meek,  Head)       ' 

The  work  of  this  group  has  proceeded  along  two  main  lines  of  investigation: 
assessment  of  drug  actions  on  serotonergic  neurons  and  studies  of  the  regu- 
lation of  new  peptides.  The  studies  on  serotonergic  neurons  were  carried  out 
by  Dr.  Marco  and  led  to  the  measurement  of  the  activity  of  these  drugs  on  the 
synthesis  rate  of  5HT  in  various  brain  areas.  It  was  found  that  the  anti- 
depressants cannot  be  considered  a  uniform  class  of  drugs  with  regard  to  their 
action  on  serotonergic  mechanisms.  The  other  line  of  investigation  produced 
a  separation  of  enkephalins  and  the  assay  of  this  peptide  by  immunochemical 
methods.  Dr.  Bohan  using  the  myenteric  plexus  of  guinea  pig  studied  how 
nerve  in5)ulses  regulate  storage,  release  and  synthesis  of  enkephalins  in  this 
tissue. 

Currently,  methods  to  separate  and  assay  Substance  P  are  being  prepared  be- 
cause there  have  been  no  specific  analyses  of  undecapeptides  that  separate 
them  from  their  metabolic  fragments  or  possible  precursors. 

Section  on  Biochemical  Pharmacology  (N.H.  Neff,  Chief) 

During  the  past  year,  the  major  objective  of  this  section  has  been  to 
provide  information  on  the  dopamine  neuronal  systems  that  have  not  been  ex- 
plored in  detail  because  of  a  lack  of  sensitive  methods.  The  high  specif i- 

139 


city  and  sensitivity  of  the  GC-MS  techniques  has  allowed  to  identify  and 
quantitate  catecholamines  and  their  metabolites  in  sympathetic  g^glia,  spinal 
cord  and  retina.  Using  mass  fragmentography,  it  was  found  that   O2  could  be 
lised  to  study  the  regulation  of  serotonin  formation  in  the  brain. 

18 
Drs.  Galli  and  Commissiong  have  shown  that  serotonin  containing   0,^stead 

of  ^^Q  was  found  in  the  brain  after  exposing"  rats  to  an  atmosphere  of   O^. 
The   0  incorporation  appeared  linear  with  time  and  221  of  the  serotonin  in 
striatum  contained   0  after  one  hour  of  exposure.    0  entered  serotonin  by 
an  enzymatic  reaction  rather  than  by  isotope  exchange  as  treatment  with  p- 
chlorophenylalaninc,  to  block  tryptophan  hydroxylase,  prevented  incorporation, 
while  more   0  serotonin  than  normal  was  found  in  the  brain  after  treatment 
with  pargyline,  tcpj,block  monoamine  oxidase.  TTiese  studies  suggest  that  the 
incorporation  of   0^  into  brain  serotonin  might  be  a  feasible  approach  for 
evaluating  serotonin  turnover  in  animals  and  with  some  modification  might  be 
applied  in  man.  Dr.  L,  Neckers  (SMRC)  found  that  the  serotonergic  innervation 
of  striatum  is  apparently  controlled  by  a  multisynaptic  neuronal  feedback  loop 
similar  to  that  which  controls  the  dopaminergic  neurons  of  the  nigro  striatal 
pathway.  At  synapses  the  action  of  biogenic  amines  is  mediated  by  an  activation 
of  adenylate  cyclase.  The  significance  of  the  long  term  activation  of  this 
enzyme  was  studied  by  local  injections  of  cholera  toxin  in  various  brain 
regions.  This  toxin  irreversibly  activates  adenylate  cyclase  and  was  used 
to  study  the  behavioral  consequence  of  long  term  activation  of  adenylate  cy- 
clase. Dr.  Neckers  observed  that  cholera  toxin,  stereotaxically  injected  in- 
to the  medial  septal  nucleus  of  the  rat,  led  within  24  hours  to  a  dramatic 
decrease  in  body  weight  and  an  increase  of  septal  adenylate  cyclase  activity 
The  decrease  of  body  weight  and  the  increase  of  adenylate  cyclase  were  tem- 
porally related.  An  analysis  of  water  intake  and  elimination  suggested  that 
the  toxin  treatment  suppressed  the  release  of  antiduritic  hormone.  Apparently, 
septal  pathways  play  a  role  in  controlling  water  balance. 

The  biochemical  mechanism  for  the  activation  of  adenylate  cyclase  by 
cholera  toxin  is  unknown.  Nicotinamide  adenine  dinucleotide  (NAD)  is  required; 
however,  for  activation.  The  chemical  structure  of  diphteria  toxin  is  similar 
to  that  of  cholera  toxin  as  both  toxins  hydro lyze  NAD.  The  adenosine  diphos- 
phate ribose  (ADP-ribose)  generated  by  the  hydrolysis  of  NAD  by  diphteria  toxin 
is  transferred  to  a  acceptor  protein  which  then  modifies  protein  synthesis 
within  the  cells.   Ms.  Jane  Trepel,  in  collaboration  with  Dr.  Oiuang,  has  con- 
tinued her  studies  on  the  mechanism  of  action  of  cholera  toxin  and  has  dis- 
covered that  the  toxin  apparently  transfers  ADP  ribose  to  glycohormones  with 
structural  similarities  to  the  A  unit  of  cholera  toxin  and  to  ACTH-|_^.. 

In  the  sympathetic  ganglia,  dopamine  is  located  in  small  intensely  fluores- 
cent (SIF)  cells.  SIF  cells  respond  to  the  stimulation  of  the  preganglionic 
cholinergic  neurons  by  releasing  dopamine  which  regulates  the  excitability  of 
adjacent  sympathetic  neurons.  These  are  hyperpolarized  by  dopamine  and,  there- 
fore, become  less  responsive  to  the  subsequent  cholinergic  activation.  Drs. 
Lutold  and  Karoum  (SNfllC)  found  that  carbachol  increased  dopamine  metabolism 
of  synpathetic  ganglia  but  that  the  response  was  not  equal  in  all  the  ganglia. 
Dopamine  metabolism  was  significantly  greater  in  celiac  ganglion  than  in 
superior  cervical  or  middle  inferior  cervical  ganglion.  Accelerated  dopamine 
metabolism  after  treatment  with  carbachol  could  be  completely  blocked  by 
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treatment  with  atropinedemonstrating  that  the  response  was  mediated  by 
miiscarinic  receptors.  0£  major  interest,  was  the  finding  made  by  Drs.  Lutold 
and  Karoum  that  dopamine  metabolism  was  significantly  depressed  in  the  celiac 
ganglion  of  spontaneous  hypertensive  rats  and  that  the  development  of  hyper- 
tension could  be  delayed  by  sectioning  very  early  in  life  the  preganglionic 
cholinergic  nerves  to  the  celiac  ganglion.  These  results  suggest  that  an 
abnormally  low  dopamine  metabolism  in  SIF  cells  of  the  celiac  ganglion  might 
play  a  role  in  the  development  of  hypertension.  I4Dreover,  these  studies  pro- 
vided experimental  evidence  that  the  sympathetic  ganglia  play  an  important 
role  in  processing  information  to  peripheral  structures. 

The  presence  of  dopaminergic  neurons  in  the  spinal  cord  was  a  controversial 
issue  until  the  recent  studies  conducted  by  Dr.  Coramissiong.  The  highest 
concentrations  of  dopamine  were  found  in  the  dorsal  colimns,  intermediate 
concentrations  in  the  lateral  columns,  and  the  lowest  concentrations  in  the 
ventral  columns.  This  distribution  is  compatible  with  the  view  that  dopamin- 
ergic neurons  participate  in  sensoiy,  motor  and  autonomic  functions.  Moreover, 
Drs.  Coramissiong  and  Gentleman  demonstrated  that  dopamine  metabolism  in  the 
spinal  cord  can  be  enhanced  significantly  by  electrical  stimulation  of  the 
substantia  nigra.   Apparently,  substantia  nigra  contains  dopaminergic  neuronal 
cell  bodies  of  axons  descending  into  the  cord. 

During  the  course  of  these  studies.  Dr.  Coramissiong  also  discovered  a  new 
noradrenergic  projection  from  the  locus  coeruleus  to  the  spinal  ventral 
columns.  The  major  role  of  the  noradrenergic  projection  may  be  to  inhibit 
alpha  motor  neurons  during  paradoxical  sleep. 

In  the  retina,  dopamine  is  found  in  some  amacrine  neurons  which  play  an 
important  role  in  local  circuit  processing  of  visual  infonnation.  Dr.  luvone 
(a  guest  worker  of  the  laboratory)  found  that  exposure  of  rats  to  light  for 
either  15  minutes  or  96  hours  increased  retinal  tyrosine  hydroxylase  activity. 
Concomitant  with  the  increase  of  enzyme  activity  was  a  4- fold  increase  of 
dopamine  formation.  The  molecular  mechanisms  eliciting  an  increase  in  the 
enzyme  activity  during  the  two  illumination  periods  were  different.  Short 
term  exposure  to  light  decreased  the  tjn  of  the  enzyme  for  the  pteridine  co- 
factor  without  changing  the  Vmax  while  96  hrs  of  exposure  to  light  increased 
the  Vmax  for  tyrosine  but  had  no  significant  effect  on  the  Bin  for  either 
tyrosine  or  the  cofactor.  Activation  of  tyrosine  hydroxylase  by  light  is  in- 
trinsic to  the  eye  because  exposure  of  the  isolated  eye  of  a  rat  killed  in  the 
dark  to  a  strobe  light  for  1  minute  increased  the  enzyme  activity.  Dr. 
luvone 's  studies  of  the  retinal  dopamine  containing  amacrine  neurons  are  pro- 
viding basic  information  on  the  biochemical  processing  of  visual  information 
as  well  as  the  physiological  presynaptic  regulatory  mechanisms  of  dopamine 
containing  neurons. 

Section  on  Molecular  Pharmacodynamics  (D.L.  Cheney,  Chief) 

y\a.ss   fragmentography  coupled  with  focussed  microwave  irradiation  has  been 
used  to  measure  the  turnover  of  acetylcholine  and  GABA  in  selected  brain 
nuclei.  These  measurements  have  allowed  to  study  the  interactions  between 
cholinergic  and  GABAergic  enkephalinergic  and  dopaminergic  neurons  in  striatal 
nuclei  and  hippocampus.  In  these  studies  the  measurement  of  acetylcholine 
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and  GAM  tunaover  rates  in  various  nuclei  of  rat  brain  is  an  index  o£  neuronal 
interactions.  The  data  have  been  analyzed  keeping  in  mind  that  the  electro- 
physiological and  anatomical  information  and  the  results  obtained  give  im- 
portant information  on  how  other  neurotransmitters  and/or  neuromodulators 
modify  at  thesynaptic  level  the  activity  of  postsynaptic  neurons  storing 
either  acetylcholine  or  GABA. 

Although  numerous  brain  nuclei  have  been  investigated  the  peculiar  ana- 
tomical and  physiological  characteristics  of  the  cholinergic  system  of  hippo- 
campus offers  a  unique  opportunity  to  establish  a  functional  model  of  choli- 
nergic mechanisms  thereby  enhancing  the  heuristic  value  of  these  studies. 
Thus,  the  major  thrust  during  this  year  has  been  the  study  of  neurotransmitter 
control  of  the  cholinergic  pathway  originating  in  the  septimi  and  terminating 
in  the  hippocampus. 

It  is  generally  believed  that  by  measuring  the  turnover  rate  of  a  putative 
neurotransmitter  in  a  given  brain  area  inferences  can  be  made  concerning  the 
functional  activity  of  a  biochemically  defined  population  of  neurons.   For 
the  cholinergic  pathways,  this  relationship  is  supported  by  the  work  of  Drs. 
Malthe-Sorenssen  (guest  worker  from  Norway)  and  Moroni,  who  have  used  a  variety 
of  parameters  of  electrical  stimulation  of  the  septal  hippocampal  pathway  and 
m.easured  acetylcholine  turnover  in  the  hippocampus.   The  parameters  increase 
or  decrease  proportionally  to  the  activity  of  the  cholinergic  neurons  origi- 
nating i.n  the  septum. 

Drs.  S.E.  Robinson,  P.  Wood  and  D.  Malthe-Sorenssen,  with  the  technical 
assistance  of  Mr.  Shirasawa,  have  studied  the  control  of  the  septal  hippo- 
campal cholinergic  pathway  by  various  neurotransmitters.  Local  injections  of 
the  dopamine  blocking  agent,  haloperidol,  directly  into  the  septum,  or  6- 
hydroxydopamine  into  the  septum  or  into  Area  A,  „  where  the  cell  bodies  of  the 
dopaminergic  neurons  that  innervate  the  septum  are  located,  increase  the 
turnover  rate  of  acetylcholine  in  the  hippocanpus .  The  parenteral  administra- 
tion of  a  dopamine  agonist,  such  as  apomorphine,  decreases  the  acetylcholine 
turnover  rate  in  the  hippocampus.  These  results  suggest  that  dopaminergic 
neurons  exert  an  inhibitory  influence  on  the  cholinergic  septal  hippocampal 
pathway. 

Dr.  Robinson  has  further  found  that  systemic  administration  of  high  doses 
of  amphetamine,  which  release  both  dopamine  and  norepinephrine  from  nerve 
terminals,  increase  the  turnover  rate  of  acetylcholine  in  the  hippocampus. 
Since  this  effect  is  blocked  by  intraseptal  phenoxybenzamine ,  it  appears  that 
the  acetylcholine  metabolism  in  cholinergic  neurons  projecting  from  the 
septum  to  the  hippocampus  increases  in  coincidence  with  the  activation  of 
septal  alpha  noradrenergic  receptors.  Also,  GAEAergic  neurons  are  involved 
in  the  control  of  septal  hippocampal  pathway  since  muscimol,  an  agonist  of 
GAEA  receptors,  injected  intraseptally  decreases  the  turnover  rate  of  hippo- 
campal acetylcholine. 

Substance  P  and  beta  endorphin  which  decrease  the  turnover  rate  of  acetyl- 
choline when  administered  intraventricular ly  are  still  active  when  injected 
intraseptally  suggesting  that  the  receptors  to  both  peptides  are  involved  in 
this  action  are  located  in  the  septum.   This  possibility  is  now  being  studied 
with  specific  antagonists  of  each  of  these  two  receptors. 
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The  psychoactive  component  o£  cannabis  sativa,  AQ-THC  has  been  shown  by 
Dr.  A.  Revuelta  to  reduce  the  hippocampal  acetylcholine  turnover  rate.  The 
data  suggest  that  this  effect  is  produced  by  a  specific  action  of  the  drug  on 
septal  recptors.  Experiments  are  in  progress  to  identify  the  endogenous  ligand 
for  these  receptors  of  A  -THC.  Not  all  of  the  neurotransmitters  or  neuromodu- 
lators exert  their  action  on  cholinergic  mechanisms  in  the  hippocampal  pathway 
by  acting  on  receptors  located  in  the  septum.  Dr.  Wood  has  evidence  that 
somatostatin,  alpha-MSH  and  ACTH,  24  increase  the  hippocampal  turnover  rate 
of  acetylcholine  by  an  interaction  with  regulatory  receptors  that  may  be 
located  in  the  hippocampus.  He  has  found  that  surgical  transection  of  the 
three  major  afferent  pathways  to  the  hippocanpus,  fimbria,  cingulus  and 
perforant  pathways  does  not  block  the  effects  elicited  by  these  peptides  when 
injected  intraventricularly. 

Those  neurotransmitters  that  modify  hippocampal  cholinergic  function 
when  injected  intraseptally  may  act  directly  on  receptors  located  on  the 
cholinergic  cell  bodies  or  indirectly  through  intemeurons  which,  in  turn, 
in5)inge  on  cholinergic  neurons.  Experiments  are  now  in  progress  to  answer 
this  question. 

'Using  electrical  stimulation  and  lesions  of  the  striatum,  Drs.  Peralta 
and  Moroni  have  demonstrated  that  the  turnover  rate  of  GABA  in  substantia 
nigra  increases  or  decreases  when  the  activity  of  the  GABAergic  striate -nigral 
pathway  is  enhanced  or  si^pressed,  respectively 

Comparing  the  effects  of  morphine  and  beta  endorphin,  Drs.  ^foroni  and  Peralta 
have  shown  that  both  of  these  drugs  decrease  the  turnover  rate  of  GABA  in  the 
N.  caudatus  but  increase  that  in  globus  pallidus.  It  has  been  suggested  that 
the  increase  in  GABA  utilization  elicited  by  the  opioids  in  the  globus  pallidus 
may  participate  in  producing  catalepsy.  In  support  of  this  hypothecs.  Dr. 
^foroni  has  found  that  muscimol,  a  specific  GABA  receptor  agonist,  injected 
directly  into  the  globus  pallidus  causes  a  dose  related  catalepsy.  Since  the 
turnover  rate  of  GABA  in  the  N.  caudatus  decreases  after  ablation  of  the 
cortex  as  well  as  after  opioid  administration  it  may  be  possible  that  the 
neurons  responding  to  the  opioids  modulate  the  GABAergic  striatal  intemeurons 
acting  at  the  level  of  the  cortico- striatal  and  nigro  striatal  pathways. 

In  collaboration  with  Dr.  A.R.  Green,  Dept.  of  Clinical  Pharmacology,  Oxford 
England,  Dr.  Peralta  has  shown  that  repeated  electroshocks  increase  the  turnover 
rate  of  GABA  in  N.  caudatiis  and  N.  accumbens,  but  not  in  substantia  nigra. 
Perhaps,  GABA  plays  a  role  in  the  enhanced  monoamine  induced  behavioral  re- 
sponse seen  after  electro shock.  To  support  this  hypothesis,  Dr.  Hong  has  shovm 
that  the  enkephalin  content  of  striatum  is  increased  after  repeated  electro - 
shocks.  In  addition,  the  enkephalin  content  of  amygdala  and  septum  is  in- 
creased after  repeated  electroshocks. 

Section  on  Neuroendocrine logy  (A.  Guidotti,  Chief) 

During  the  past  year,  the  mechanism  whereby  schizophrenic  drugs,  anxiolytic 
and  opiate  receptor  agonists  change  the  function  of  DA,  GABA  and  peptidergic 
neurons  in  the  hypothalamus,  striatum,  cerebellum  and  adrenal  medulla  was 
studied.  The  problem  was  approached  using  anatomical  models  to  detect  the 
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location  of  the  drug  action  and  molecular  models  to  evaluate  the  exact  site  of 
action.  In  order  to  understand  how  drugs  change  the  function  of  neuronal 
circuitry  in  various  brain  structures,  Drs.  Grandison,  Moroni,  Baraldi, 
Kumakura  and  Gale  used  simple  biochemical  and  behavioral  models  involving 
mainly  hypothalamus,  pituitary  and  striate  nigral  neuronal  circuitry.  Since 
prolactin  secretion  is  a  very  accurate  index  of  DA  action  on  pituitary  secre- 
tion, the  measurement  of  prolactin  in  blood  plasma  or  in  media  where  pituit- 
ary preparations  were  incubated  was  used  to  investigate  how  neurons  that  store 
GAM  or  endorphin  can  regiilate  the  amounts  of  DA  reaching  the  pituitary.  Using 
this  model,  Drs.  Grandison  and  Baraldi  have  shown  that  GABA,  endorphins  and 
DA,  control  the  amount  of  prolactin  release  from  anterior  pituitary  indepen- 
dently. Endorphins  may  exert  a  tonic  hypothalamic  control  which  is  not  media- 
ted via  the  amount  of  DA  that  reaches  the  pituitary  while  GABA  operates  on 
specific  receptors  directly  in  the  pituitary.  By  monitoring  eating  behavior 
in'  the  rat.  Dr. Grandison  could  show  that  this  behavior  is  under  the  control 
of  GABA,  norepinephrine  and  endorphin  receptors  located  in  the  hypothalamus. 
Muscimol,  a  potent  GABAmimetic  compound,  induces  a  voracious  eating  behavior 
when  injected  into  the  ventromedial  area  of  the  hypothalamus.  Using  antago- 
nists to  GABA,  catecholamines  and  opiate  receptor  agonists,  it  would  appear 
that  GABA  neurons  are  the  terminal  regulators  because  bicuculline  which  block 
GABA  receptors,  inhibits  the  eating  behavior  elicited  also  by  opiates  and 
alpha-adrenerglc  receptor  stimulation. 

Another  model  used  to  study  the  effect  of  drugs  on  a  system  operating 
at  a  complex  level  of  intemeuronal  integration  is  the  striato-nigral  system. 
Drs.  Gale,  Nforoni,  Kumakura  and  Vargas  (guest  worker  from  Mexico)  have  shown 
that  GABA  and  substance  P  terminals  in  substantia  nigra  may  be  involved  in 
the  control  of  striatal  DA  neurons  and  may  mediate  some  of  the  effects  of 
antischizophrenic  drugs  on  nigro  striatal  DA  system.  In  addition,  the 
function  of  DA  neurons  is  regulated  by  opioid  receptors  located  on  the  axons 
and  on  dendrites  of  DA  neurons.  Stimulation  of  opioid  receptors  located  on 
DA  terminals  in  striatum  results  in  an  increased  HVA  accumulation,  whereas 
stimulation  of  opiate  receptors  in  substantia  nigra  results  in  a  blockade  of 
the  haloperidol  induced  activation  of  the  nigro  striatal  system.  In  recent 
experiments,  Drs.  Moroni  and  Kumakura  have  provided  evidence  suggesting 
that  opiate  receptors  located  on  the  cortico  striatal  glutamatergic  pathway 
also  participate  in  the  regulation  of  the  striatal  DA  function. 

Current  clinical  experience  indicates  that  prolonged  treatment  with  anti- 
schizophrenic  drugs  produces  semipermanent  toxic  effects  that  in  some  cases , 
i.e.,  tardive  dyskinesia,  may  outlast  by  several  years,  the  duration  of  the 
treatment.  We  then  explored  whether  also  in  rats  there  were  secondary  effects 
after  the  long  term  treatment  with  antischizophrenic  drugs  and  whether  these 
effects  could  be  studied  on  the  nigro  striatal  model.  Long  term  treatment 
with  classical  (cataleptogenic)  antischizophrenic  drugs  produces  tolerance  in 
the  compensatory  activation  of  the  DA  striatal  system  which  is  triggered  by  the 
the  blockade  of  DA  receptors.  A  similar  tolerance  to  the  compensatory  changes 
elicited  by  the  blockade  of  DA  receptors  fails  to  occur  after  a  long  term 
treatment  with  atypical  (noncataleptogenic)  antischizophrenic  drugs.  These 
data  together  with  the  results  obtained  by  Drs.  Hong,  Mao  and  Cheney  on  the 
changes  caused  by  a  chronic  treatment  with  antipsychotics  on  striatal  GABA, 
substance  P,  acetylcholine  and  endorphin  neurons  indicate  that  drugs  which 
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have  a  similar  potency  as  DA.  receptor  blockers  may  produce  a  different  patt- 
ern of  tolerance  and  supersensitivity  according  to  their  capacity  to  interact 
with  other  neuronal  systems  that  regulate  the  activity  of  striatal  DA  neurons. 

Studies  on  the  mechanisms  of  action  of  benzodiazepines  have  been  a  major 
focus  of  this  section.  Previous  work  had  indicated  that  the  pharmacology  of 
benzodiazepines  is  characterized  by  a  facilitation  of  GABAergic  transmission. 
However,  it  failed  to  indicate  that  this  action  was  related  to  an  increased 
synthesis  and  release,  or  to  a  decreased  GABA  metabolism.  To  evaluate  the 
a  possible  action  on  GABA  rec^tors,  we  studied  whether  various  benzodiaze- 
pines changed  the  kinetic  of  "II-GABA  binding  to  GABA  recognition  sites  linked 
to  GABA  postsynaptic  receptors.  Drs.  Toffano,  Baraldi  and  Suria  (Dept.  of 
Pharmacology,  George  Washington  University)  with  the  technical  assistance  of 
Mr.  D.  Konkel  have  shown  that  benzodiazepines  facilitate  GABA  binding  to  mem- 
brane receptor  sites  in  vitro  by  competing  with  an  endogenous  inhibitor  of 
GABA  binding.  The  same  endogenous  inhibitor  of  GABA  binding  competes  with 
benzodiazepines  for  their  specific  receptor  sites.   An  increase  in  the  high 
affinity  binding  of  GABA  to  the  postsynaptic  receptor  may  represent  the 
molecular  mechanism  whereby  benzodiazepines  facilitate  GABA  transmission  in 
vivo . 

Considering  the  important  role  of  cerebellum  in  the  regulation  of  the 
sensory  motor  cortex  function  and  the  prominent  role  of  GABA  in  the  control 
of  cerebellar  neurotransmission,  Drs.  Szmigielski  (guest  worker  from  Poland) 
and  Bandle  have  used  this  organ  and  the  changes  of  cGMP  content  and  cGMP- 
dependent  protein  kinase  activity  to  monitor  in  vivo  the  modulatory  role  of 
benzodiazepines  on  GABA  receptors.  The  major  outcome  of  these  studies  showed 
that  benzodiazepines,  by  changing  the  cGMP  content,  may  modulate  the  cGMP 
dependent  phosphorylation  of  cerebellar  protein  by  altering  the  relationship 
between  cGMP  dependent  protein  kinase  and  the  cerebellar  content  of  the 
endogenous  heat  stable  protein  inhibitor  of  protein  kinase. 

Preliminary  studies  indicate  that  the  inhibitor  of  high  affinity  GABA 
binding  and  the  heat  stable  protein  inhibitor  of  protein  kinase  are  probably 
the  same  molecule.  We  are  therefore  confident  that  these  studies  will  help 
to  elucidate  details  on  the  supramolecular  nature  of  postsynaptic  GABA  and 
benzodiazepine  receptors  and,  in  addition,  offer  a  realistic  method  to 
evaluate  and  identify  the  putative  antianxiety  substance  present  in  the  brain. 

In  the  past,  we  have  shown  that  in  chromaffin  cells  of  rat  adrenal 
medulla  the  following  sequence  of  molecular  events  occur  in  response  to  the 
persistent  activation  of  nicotinic  receptors:  an  increase  of  the  cAMP  concen- 
tration, activation  of  cytosolic  cAMP- dependent  protein  kinase,  translocation 
of  the  low  molecular  weight  catalytic  subunit  of  protein  kinase  from  the 
cytosol  to  the  nuclear  fraction  and  induction  of  tyrosine  hydroxylase.  Tran- 
section of  the  splanchnic  nerve  after  the  increase  of  cAMP  has  occurred  and  the 
catalytic  subunit  of  cytosol  protein  kinase  has  been  translocated  to  the 
nucleus  prevents  the  induction  of  tyrosine  hydroxylase.  Tnus,  the  function  of 
nicotinic  receptors  controls  the  metabolic  changes  in  RNA  transcription.  To 
study  in  more  detail  whether  this  sequence  of  nuclear  molecular  events  is 
essential  to  elicit  tyrosine  hydroxylase  induction.  Dr.  Kumakura  has  been  using 
primary  cultures  of  adrenal  chromaffin  cells.  Preliminary  results  indicate 
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that  8-Br-cyclic  MP  can  induce  tyrosine  hydroxylase  after  a  time  interval 
of  48  hours  when  this  synthetic  second  messenger  interacts  with  chromaffin 
cells  for  about  2  to  4  hours.  Ihis  action  of  8-Br-cyclic  AMP  can  be  anta- 
gonized by  colchicine  (lO"  -lO'TVI)  but  not  by  lumicolchicine .  This  finding 
suggests  that  tubuline  polymerization  is  essential  for  transsynaptic  in- 
duction; perhaps,  this  process  is  indispensable  for  the  translocation  of  the 
catalytic  subunits  of  protein  kinase  from  cytosol  to  the  nucleus.  /Tlie  chro- 
maffin cells  secrete  catecholamines  upon  addition  of  nicotine  (10  \l)  which 
also  causes  a  long  term  increase  of  tyrosine  hydroxylase  activity.  However, 
the  two  effects  can  be  dissociated  because  Ca   is  required  for  the  release 
of  catecholamines  but  not  for  the  enzyme  induction  elicited  by  nicotine. 

Section  on  Molecular  Neurobiology  (Acting  Chief:  E.  Costa) 

ITie  neuroblastoma  cell  line  was  found  to  be  a  suitable  model  to  study  in 
vitro  the  various  steps  involved  in  the  trans  synaptic  induction  of  tyrosine 
hydroxylase.  Drs.  Hollenbeck  and  Chuang  found  that  8-Br-cyclic  AMP  can 
cause  a  delayed  increase  of  tyrosine  hydroxylase  activity  only^after  a  short 
contact  with  these  cells  (20  minutes)  in  concentrations  of  10   M.  Since  the 
increase  in  enzyme  activity  was  due  to  a  change  in  the  Vmax  it  was  assumed 
that  the  increase  in  tyrosine  hydroxylase  activity  elicited  by  8-Br-cyclic 
AMP  was  an  induction.  Neuroblastoma  cells  contain  a  cytosol  Type  I  protein 
kinase  which  has  a  preferential  affinity  for  histone.  The  enzyme  is  acti- 
vated by  the  short  lasting  addition  of  8-Br-cAMP  and  translocates  to  the 
nuclear  fraction  within  a  few  hours  following  enzyme  activation.  If  at  this 
time,  the  nuclei  are  isolated  and  incubated  with  P  -ATP,  there  is  a  prefe- 
rential phosphorylation  of  acidic  nuclear  protein.  The  mechanism  whereby  a 
protein  kinase  that  preferentially  phosphorylates  histone  becomes  an  enzyme 
that  preferentially  phosphorylates  acidic  proteins  after  it  has  entered  the 
nucleus,  remains  to  be  elucidated.  ' 

Since  Type  I  protein  kinase  appears  to  be  the  isozymic  form  that  preferen- 
tially translocates  from  cytosol  to  the  nucleus,  Drs.  Hollenbeck,  Chikvaidze 
and  Chuang  have  investigated  the  composition  of  the  isozymic  forms  of  protein 
kinases  present  in  different  brain  nuclei.  The  results  indicate  that  by 
using  procedures  proposed  by  Corbin,  all  brain  cAMP  dependent  protein  kinase 
appears  to  belong  to  the  Type  I  variety  in  the  newborn  and  then  shifts  to  the 
lype  II  variety.  Present  work  is  focussed  on  a  re-evaluation  of  the  profile 
of  brain  protein  kinase  that  are  activated  by  cAMP. 

Dr.  Chuang  has  initiated  a  new  trend  of  investigation  on  the  biochemical 
processes  which  bring  about  a  postsynaptic  receptor  desensitization  following 
activation  of  the  receptor  by  an  agonist.  He  used  the  frog  erythrocyte  and 
the  beta-adrenergic  agonist,  isoproterenol,  as  a  desensitizing  agent.  Re- 
ceptor desensitization  was  measured  by  affinity  binding  of  high  specific 
activity  beta  receptor  antagonists.  Specific  binding  accounts  for  more  than 
90-0  of  the  radioactivity  bound , to  erythrocyte  membranes.  When  receptor  de- 
sensitization is  elicited  by  the  incubation  with  10'  M  isoproterenol,  the 
down  regulation  of  the  receptor  affinity  is  associated  with  an  increase  in 
cyclic  AMP  content,  and  an  activation  and  dissociation  of  cyclic  AMP  depen- 
dent protein  kinase.  Thi^  brings  about  phosphorylation  of  a  membrane  protein 
and  a  decrease  in  the  Ca   uptake  by  the  erythrocytes.  It  is  not  possible  to 


146 


dissociate  the  down  regulation  of  receptor  affinity  from  the  activation  of 
protein  kinase  and  phosphorylation  of  specific  membrane-^roteins .  Possibly 
this  phosphorylation  may  play  a  role  in  changing  the  Ca   uptake.  This 
change  may  be  operative  in  the  down  regulation  of  recognition  site's  sensiti- 
vity. 

Dr.  Schwartz  has  obtained  further  evidence  on  the  mechanisms  whereby  the 
activation  of  transmitter  receptors  located  on  the  membrane  of  glial  cells 
can  stimulate  the  production  of  a  protein  that  immunologically  and  on  the 
bioassay  of  the  chick  sensory  ganglion,  behaves  as  if  it  were  nerve  growth 
factor.  These  studies  seem  to  suggest  that  activation  of  transmitter  recep- 
tors increases  adenylate  cyclase  activity  which  increases  the  cyclic  AMP  con- 
tent. Possibly,  via  a  protein  kinase  activation,  cAMP  can  stimulate  the 
activity  of  a  proteolytic  enzyme  involved  in  the  formation  of  nerve  growth 
factor  from  a  pregrowth  factor  molecule  stored  in  these  cells.  Probably 
cyclic  AMP  enhances  the  activity  of  the  gamma  chain  of  the  nerve  growth 
factor  which  possesses  proteolytic  activity. 

All  the  antipsychotics  endowed  with  the  capacity  to  inhibit  dopamine 
receptors  can  increase  the  leu-  and  met -enkephalin  content  of  striatum  and 
N,'  Accumbens.  The  increase  is  more  marked  with  classic  than  atypical  anti- 
psychotics, but  is  clearly  demonstratable  with  both  classes  of  compounds. 
The  increase  in  striatal  and  accumbens  content  of  enkephalin  becomes  signi- 
ficant after  treatment  for  5  to  7  days  with  small  doses  of  haloperidol  (0.1 
mg/kg/day)  and  reaches  a  maximum  after  4  to  6  weeks  of  treatment.  When 
haloperidol  is  withdrawn  the  increase  persists  for  longer  than  7  days. 
Usually,  fourteen  days  after  withdrawal,  the  enkephalin  level  is  back  to 
normal.  After  an  intraventricular  treatment  with  cycloheximide  to  block 
messenger  RNA  translation,  it  was  found  that  the  enkephalin  content  of  stria- 
tum and  cortex  decreases  slightly  within  twenty  four  hours;  the  decrease  is 
not  significant  after  twelve  hours.  In  rats  chronically  injected  with 
haloperidol,  cycloheximide  reduces  the  enkephalin  content  of  striatum  by  more 
than  60%  within  twelve  hours.  The  faster  rate  of  the  enkephalin  fall  in  the 
striatal  of  rats  treated  with  haloperidol  suggests  that  this  drug  increases 
the  synthesis  rate  of  the  polypeptides  in  striatum.   Since  haloperidol  fails 
to  change  the  content  and  the  rate  of  the  enkephalin  decline  in  cortex,  the 
action  on  striatum  acquires  specificity.  It  can  be  suggested  that  when  the 
enkephalin  content  is  increased  by  the  antipsychotics,  they  may  cause  an  in- 
direct (transsynaptic  ?)  activation  of  the  rate  limiting  enzyme  for  the  bio- 
synthesis of  enkephalin.  This  occurs  in  brain  areas  in  which  enkephalinergic 
neuronal  activity  is  regulated  by  dopamine  receptors  located  on  the  membrane 
of  enkephalinergic  neurons  and  not  in  other  brain  areas.  A  direct  action  of 
haloperidol  on  enzyme  synthesizing  enkephalins  can  be  ruled  out  because  it 
increases  striatal  enkephalin  content  but  not  that  of  cortex.  Dr.  Hong 
has  also  studied  the  effect  of  tricyclic  antidepressant  drugs  on  the  enkepha- 
lin content  of  striatum,  N.  accumbens,  cortex  and  septum.  Tricyclic  anti- 
depressants are  without  any  effect,  in  contrast,  lithium  chloride  given  con 
secutively  for  5  to  10  days,  in  doses  similar  to  those  used  in  the  clinic, 
causes  an  increase  in  the  enkephalin  content  in  striatum  and  N.  accumbens 
but  not  in  the  septum  and  cortex.   When  the  treatment  is  prolonged 
for  2  to  3  weeks,  the  increase  in  enkephalin  content  is  no  longer  present. 
Undoubtedly  this  mechanism  is  different  from  that  of  the  antipsychotics. 
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Similar  to  lithium,  repeated  convulsant  electroshocks  also  cause  an  increase 
in  the  enkephalin  content  of  striatum  and  N.  accumbens. 

Drs.  Yang,  Di  Giulio  and  Lutold  have  discovered  that  enkephalins  are 
present  in  superior  and  coeliac  sympathetic  ganglia  but  not  in  the  carotid 
body.  The  enkephalin  is  probably  present  in  efferent  nerves  because  post- 
ganglionic axotomy  increases  the  ganglion  content  of  the  pentapeptide ;  this 
peptide  is  not  present  in  afferent  nerves  because  decentralization  fails  to 
decrease  the  ganglionic  enkephalin  content.  In  spontaneous  hypertensive  rats, 
the  enkephalin  content  of  the  coeliac  ganglion  is  reduced.  To  offer  a  valid 
interpretation  of  why  enkephalin  content  in  neural  tissues  changes  following 
electroshock,  lithium  or  the  antipsychotics  it  is  necessary  that  we  estimate 
the  rate  of  enkephalin  synthesis.  To  measure  the  biosynthesis  of  polypeptides, 
it  is  necessary  to  identify  the  precursor  and  to  measure  the  rate  of  the  amino 
acid  incorporation  in  these  precursors.  Since  striatum  did  not  contain  beta- 
endorphin,  a  possible  natural  precursor  of  enkephalin.  Dr.  Yang  initiated  the 
research  for  the  striatal  precursor (s)  of  enkephalin.  Her  studies  indicate 
there  are  two  precursors  of  enkephalin  in  striatum:  one  has  a  high  molecular 
weight  while  the  other  has  a  molecular  weight  of  about  1800-1500  daltons.The 
latter  behaves  chromatographically  and  biologically  as  if  it  were  similar  to 
60-69  beta  lipotropin.  Now,  Drs.  Yang,  Schmid,  Peralta  and  Cheney  are  attempt- 
ing to  establish  the  amino  acid  sequence  of  the  low  molecular  weight  precursor 
of  enkepahlins.  The  high  molecular  weight  precursor  of  enkephalin  has  been 
furtlier  characterized  and  has  been  shown  to  include  two  precursors:  we  are 
presently  studying  whether  one  of  these  is  the  precursor  for  [leu  ] -enkephalin 
and  the  other  for  [met  ] -enkephalin. 

Drs.  Fratta  and  Yang  have  attempted  to  identify  and  measure  beta- endorphin 
(60-91  beta- lipotropin)  in  striatum  and  ganglia  because  this  peptide  appeared 
to  be  the  natural  precursor  of  enkephalin.  The  compound  could  not  be  de- 
tected in  either  tissue.  However,  Dr.  Fratta  could  detect  beta- endorphin, 
beta-lipo  tropin  and  31  k  beta- lipotropin  in  pituitary,  hypothalamus  and 
midbrain.  In  these  tissues,  he  is  studying  the  regulation  of  beta  endorphin 
biosynthesis  during  stress,  and  various  drug  treatments.  For  instance,  he 
has  found  that  rats  injected  with  dexamethasone  there  is  a  significant  de- 
crease in  the  beta-lipotropin  content  but  not  in  the  beta  endorphin  or  31  k 
beta- lipotropin  content.  This  suggests  that  by  measuring  the  various  pre- 
cursor inference  can  be  made  on  the  changes  in  the  regulation  of  endorphin 
biosynthesis. 
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The  Section  on  Technical  Development  is  a  group  of  engineers,  computer 
specialists,  and  technicians  which  provides  technical  services  to  the  Intra- 
mural Research  Programs  of  NIMH  and  NINCDS.  A  veterinarian  and  a  group  of 
laboratory  animal  technicians  and  animal  caretakers  provide  animal  medicine 
and  care  services  to  the  Intramural  Research  Program  of  NIMH.  The  major 
functions  of  the  Section  are: 

(1)  Instrumentation  research  and  development.  Design  and  development 
of  instruments  and  instrumentation  systems  which  represent  advances  in  the 
state-of-the-art.  Most  of  the  research  within  the  Section  falls  in  this 
category,  and  is  generally  done  in  collaboration  with  investigators  in  the 
laboratories  of  NIMH  and  NINCDS. 

(2)  Production  of  custom  instrtmentation.  Design  and  fabrication  of 
electronic,  mechanical,  and  optical  equipment  to  suit  the  particular  needs 

of  the  requesting  investigator.  These  instrimients,  while  often  quite  complex 
utilize  rather  than  advance  the  current  state-of-the-art  in  design  techniques 
and  components . 

(3)  Computer  services.  The  Section  assists  the  investigators  in  data 
collection,  reduction,  and  analysis,  by  supporting  two  laboratory  digital 
computers  for  general  use,  including  real-time  on-line  applications,  and  by 
providing  programming  service  and  technical  consultation. 

(4)  Laboratory  animal  medicine  and  care.  The  Section  provides  veter- 
inary medical  care  and  a  centralized  program  of  animal  caretaking  functions. 
A  health  care  program  for  employees  who  work  with  animals  is  being  developed. 

Additional  services  provided  by  the  Section  include  consultation  on 
measurement  techniques,  signal  processing,  noise  and  electro-magnetic  inter- 
ference in  data  measurement  systems,  and  equipment  purchases.   Several  formal 
and  informal  courses  for  investigators  are  taught  by  Section  personnel;  topics 
include  electrical  circuit  theory,  operational  amplifier  applications,  digi- 
tal logic  design,  and  computer  applications. 

Due  to  manpower  limitations  and  economic  considerations,  the  Section  is 
unable  to  provide  the  following  services:  repair  of  commercial  instruments, 
duplication  of  off-the-shelf  commercially  available  equipment,  and  fabrica- 
tion of  non- instrument  items  (shelves,  bookcases,  etc.). 
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When  an  investigator  requires  the  services  of  the  Section,  he  first 
meets  with  the  Section  Chief  and  other  personnel  as  needed  to  discuss  his 
requirements.  On  the  basis  of  this  meeting,  a  decision  is  made  as  to  whether 
the  Section  will  take  on  the  project.  In  some  cases  it  is  more  appropriate 
that  the  work  be  done  elsewhere,  due  to  the  nature  of  the  project  or  to  an 
excessive  backlog  of  work. 

When  the  Section  Chief  agrees  to  take  on  a  project,  the  investigator  is 
required  to  submit  a  memo,  initialed  by  his  Lab  Chief,  which  formally  requests 
the  services  of  the  Section  and  provides  complete  specifications  of  the 
functions  which  are  to  be  performed  by  the  required  instrumentation.  Section 
personnel  will  respond  in  writing  as  to  how  the  instrument  is  to  be  built, 
how  much  it  will  cost,  and  approximately  when  it  will  be  ready.  The  Section 
does  not  charge  for  services,  but  the  investigator  will  be  billed  for  the 
cost  of  components  used.  Upon  delivery  of  the  completed  instrument,  a  memo 
is  sent  to  the  investigator  listing  the  component  costs  and  asking  permission 
to  have  the  Administrative  Office  transfer  funds  from  his  CAN  to  the  Section' s 
CAN. 

Two  essential  changes  have  been  made  in  the  operation  of  the  machine 
shop.  Short-term  mechanical  jobs  (four  hours  or  less),  which  have  an  emergency 
nature  such  that  an  on-going  research  project  is  being  delayed,  are  now  being 
handled  on  a  first-come,  first-served  basis  by  a  technician  assigned  to  that 
duty  for  a  two-week  period.  This  service  has  been  instituted  so  that  an  in- 
vestigator need  not  wait  two  or  three  weeks  (our  typical  backlog)  to  have  a 
small  job  done  if  his  current  research  project  will  be  delayed.   However,  we 
wish  to  stress  that  this  service  is  provided  only  for  urgent  projects,  and 
must  not  be  abused  by  persons  who  do  not  properly  anticipate  their  instrtraien- 
tation  needs,  or  simply  wish  to  circumvent  the  system. 

The  second  change  involves  the  auxiliary  machine  shop.  Although  the 
Section  has  traditionally  provided  a  facility  for  investigators  to  do  their 
own  mechanical  work  in  an  unsupervised  situation,  this  policy  was  reconsid- 
ered in  light  of  the  frequent  abuse  of  the  machinery  (generally  due  to  in- 
experience and  haste)  and  disregard  for  minimal  safety  and  cleanup  standards. 
We  now  station  the  technician  responsible  for  small  jobs  in  the  auxiliary 
machine  shop;  in  general,  he  will  do  the  work  formerly  performed  by  the  in- 
vestigator.  In  certain  cases  where  the  investigator  insists  on  doing  the 
work  himself,  and  the  technician  feels  that  he  is  competent  to  do  so,  he 
will  be  allowed  to  use  the  machines  under  the  supervision  of  the  technician. 


INSTRUMENTATION 

The  following  are  selected  instrumentation  projects  undertaken  during 
the  past  year.  These  are  chosen  from  a  total  of  302  projects,  and  are  repre- 
sentative of  the  types  of  electronic  instruments  and  systems  developed  by 
the  Section, 

(1)   Patient  Activity  Monitoring  System.   The  Section  has  continued  to 
develop  a  system  for  monitoring  the  activity  patterns  of  ambulatory  subjects. 
The  system  is  built  around  the  basic  activity  monitor,  which  underwent  its 
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third  major  redesign  this  year.  As  the  device  is  now  configured,  a  piezo- 
electric accelerometer  generates  a  voltage  when  the  limb  to  which  the  monitor 
is  attached  moves.  If  the  voltage  exceeds  a  preset  threshold,  an  event  is 
recorded.  A  standard  timing  period  (generally  15  min.)  is  divided  into  4096 
equal  intervals  of  0.22  seconds,  and  only  one  event  can  be  recorded  in  each 
interval.  At  the  end  of  the  timing  period,  the  total  number  of  events, 
divided  by  16,  is  stored  in  solid  state  memory;  the  event  counter  is  cleared 
and  a  new  timing  period  of  initiated.  The  memory  can  store  activity  totals 
for  256  timing  periods  (64  hours)  and  the  range  of  activity  counts  for  each 
period  is  4096  -f  16  =  256. 

One  major  feature  of  the  new  design  is  a  complete  reworking  of  the  trans- 
ducer amplifier  to  make  its  sensitivity  more  easily  adjustable,  more  consist- 
ent among  individual  monitors,  and  less  responsive  to  high  frequency  vibra- 
tions. Another  new  feature  is  the  use  of  lithium  iodide  batteries.  The  ad- 
vantages include  off-the-shelf  availability  (the  old  batteries  were  custom 
fabricated);  longer  life  (one  year  as  opposed  to  two  months);  and  ease  of 
battery  change. 

We  are  about  to  let  a  major  contract  to  produce  miniaturized  electronic 
circuits  using  thick-film  hybrid  technology.  Using  these  circuits  we  will 
produce  a  monitor  of  half  the  current  volume,  and  four  times  the  current 
memory  capacity.  This  device  will  be  particularly  useful  for  studies  involv- 
ing outpatients  and  children. 

Stored  activity  data  is  extracted  from  the  monitor  by  reading  the  device 
directly  into  a  PDP-11/40  computer  through  interface  electronics.  The  com- 
puters are  located  in  Building  36,  Building  10,  and  the  WAW  Building  at 
St.  Elizabeth's.  With  the  computer  handling  the  read-out,  permanent  storage, 
numerical  processing,  and  plotting  of  the  activity  data,  the  need  for  manual 
data  handling  has  been  essentially  eliminated.  This  development  has  been  a 
major  factor  in  the  success  of  the  activity  monitoring  programs  thus  far. 

The  activity  monitor  system  has  been  well  received  by  the  technical  com- 
munity; over  70  monitors  are  now  being  used  by  eleven  different  research 
groups.  Applications  include  research  on  manic-depressives,  hyperactive 
children,  Huntington's  and  Parkinson's  patients,  drug  addicts,  and  restrained 
monkeys.   Publicity  gained  from  word-of -mouth  and  from  our  two  publications 
has  evoked  numerous  inquiries  from  investigators  all  over  the  country.  We 
have  filed  a  patent  application,  and  several  firms  have  expressed  interest  in 
licensing  the  device  for  manufacture. 

(2)  Measurement  of  Activity  of  Confined  Animals.  The  Section  has  con- 
tinued to  innovate  techniques  of  transducing  and  recording  quantitative  and 
qualitative  aspects  of  the  activity  of  confined  or  restrained  animals.  The 
following  are  examples. 

(^)   Rat  Activity  Monitoring  Cage.  An  activity  cage  has  been  de- 
veloped which  electronically  senses  the  location  of  an  unrestrained  rat  within 
the  cage,  the  amplitude  and  frequency  of  gross  and  fine  movements,  and  the 
occurrence  of  rearing.  The  instrument  produces  two  analog  voltages  which 
together  contain  this  spatial  and  temporal  activity  information. 
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One  system  has  been  developed  which  will  include  sixteen  of  the  activity 
cages  interfaced  to  a  PDP  11-03  microcomputer  for  data  acquisition.  Programs 
in  the  11-03  will  analyze  the  output  signals  from  the  cages  in  real  time  for 
types  of  activity  pertinent  to  a  particular  study,  such  as  gross  movement, 
rears,  and  rotation.  Stmrniaries  of  that  information  will  be  recorded  on  a 
digital  cartridge  tape  unit.  The  cartridges .will  be  transported  to  a  larger 
computer  to  be  read  for  further  analysis, 

(b)  Measuring  and  Recording  Long-Term  Hamster  Activity.  A  new 
activity  monitoring  system  was  developed  to  allow  an  LSI-11  computer  to  con- 
tinuously monitor  the  activity  from  sixteen  animal  exercise  wheels  and  record 
the  data  on  cartridge  tape.  The  data  is  later  transferred  to  the  PDP-11/40 
computer  for  analysis  and  plotting.  The  rotational  activity  of  the  wheels  is 
detected  using  photodetector  devices.  The  program  continuously  polls  each 
input  data  line,  and  if  a  rotation  occurs,  a  16  bit  data  word  is  recorded. 
After  a  selectable  time  interval  (usually  15  min.),  the  program  will  print 
out,  on  the  terminal,  the  total  rotational  counts  for  each  wheel  during  that 
time  period.  Using  the  tape  recording  system  for  storing  the  data,  experi- 
ments lasting  a  week  or  more  can  be  recorded  without  interruption. 

(c)  Activity  of  Monkeys  in  Restraining  Chairs.  A  system  has  been 
developed  for  periodic  measurement  and  recording  of  activity  and  temperature 
data  from  as  many  as  twelve  monkeys  in  restraining  chairs,  for  purposes  of 
observing  physiological  rhythms.  A  thermistor  affixed  to  the  cortex  trans- 
duces temperature,  and  a  specially  designed  activity  monitor  mounted  to  the 
skull  measures  head  movement.  The  data  from  all  animals  is  periodically 
acquired  by  a  microprocessor  and  stored  on  digital  cartridge  tape  for  later 
analysis  on  a  digital  computer. 

(d)  Rat  Rotation  Monitor.  This  device  transduces  and  counts  the 
clockwise/counterclockt^7ise  rotations  of  a  rat.  It  is  used  in  pharmacology 
studies.  During  the  past  year  the  design  was  modified  to  allow  more  accurate 
use  for  a  larger  number  of  animals  by  addition  of  memory  circuitry.   The 
memory  stores  total  counts  for  up  to  five  animals  and  up  to  thirty-two  time 
intervals.  The  time  interval  can  be  selected  over  the  range  5-60  minutes, 

in  five  minute  increments.  The  summary  counts  can  be  retrieved  from  memory 
via  LED  display  by  switch  selectable  address  (animal  and  interval)  on  the 
front  panel. 

(3)  Activity  Monitor  of  Chorea  Movement.  An  activity  monitoring  system 
is  being  developed  for  detection  of  choreiform  movements  for  use  in  a  periodic, 
clinical  testing  procedure  to  help  quantify  the  efficacy  of  drugs  used  in 
treating  the  disorder.  The  apparatus  is  battery  powered  and  portable,  and 
involves  placing  acceleration  transducers  on  the  arm  of  the  patient.  The 
experimenter  dials  in  a  time  period  between  1  and  99  sec.   The  start  button 
is  then  pushed  and  the  patient  asked  to  perform  a  certain  task.   Every  time 
a  choreiform  movement  is  detected  (the  transducers'  output  voltage  crossing 
a  set  threshold  level),  a  counter  is  incremented,  and  the  total  counts  dis- 
played. At  the  end  of  the  time  interval,  the  total  count  is  held  on  the 
display  until  the  counter  is  manually  reset. 
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(^)  Computer  Controlled  Visual  Diaplay  System.  A  system  Is  being  de- 
veloped that  uses  a  display  oscilloscope  to  present  visual  patterns  of  vari- 
able contrast  and  frequency  to  normal  and  operated  monkeys,  In  experiments 
designed  to  determine  contrast  sensitivity  thresholds.  The  behavioral 
paradigm  Involves  the  monkey  pressing  the  proper  button  In  response  to  the 
display  presented,  to  receive  a  juice  reward.  An  LSI-11  computer  Is  Inter- 
faced between  the  display  generating  circuitry  and  other  logic  controlled 
circuits  used  to  present  the  display  and  control  the  experiment.  In  addition, 
the  LSI-11  logs  the  data  and  computes  the  sensitivity  thresholds  for  each 
experimental  series,  ,  -  . 

(5)  pH  Amplifier.  A  low  noise,  fast  responding  amplifier  was  developed 
to  be  compatible  with  a  standard  Beckman  pH  electrode  and  to  provide  a  10  mil- 
livolt change  for  each  0.1  pH  unit  change.  The  device  has  an  adjustable  base- 
line allowing  the  output  to  be  "zeroed"  over  the  pH  1  -  pH  7  range.  Subse- 
quent changes  in  pH  can  be  accurately  measured  by  the  output  voltage  change. 
Calibrated  outputs  and  ten5)erature  compensation  are  included  also. 

(6)  High  Voltage  and  High  Current  Pulse  Generator.  A  pulse  generator 
capable  of  delivering  +  lOOV  pulses  at  100  mA  has  been  developed  to  investi- 
gate the  effect  of  electrical  stimulation  on  the  cellular  development  of 
tissue  culture  cells.  This  high  level  output  allows  simultaneous  stimulation 
of  multiple  groups  of  culture  plates,  where  each  group  contains  five  or  more 
serxes -connected  plates.  The  generator  employs  digital  counting  techniques 
so  that  all  pulse  train  timing  parameters  are  set  by  six  groups  of  front - 
panel  thumbwheel  switches. 

^'^l     Torque  Motor  Position  Control  System.  A  system  was  developed  for 
research  on  the  mechanisms  which  produce  the  tremor  of  Parkinson's  Disease 
The  system,  consisting  of  brushless  DC  torque  motor,  handle,  housing,  power 
amplifier,  and  control  electronics,  was  designed  to  give  controlled  mechan- 
ical stimuli  to  the  wrist  joint.  The  control  system  operates  in  an  open  loop 
torque  mode  or  a  closed  loop  position  control  mode.  Switching  is  done  elec- 
tronically imder  experiment  control. 

.  ,.  ^f>  Electromagnetic  Muscle  Stretch  Device.  A  technique  for  stretching 
individual  muscles  in  intact  behaving  animals  via  chronic  intramuscular 
implantation  of  a  magnetically  permeable  slug  and  use  of  an  external  electro- 
magnet to  apply  force  to  the  slug,  has  been  developed  for  use  in  the  study 
of  the  role  of  muscle  sensory  receptors  in  skilled  motor  activity.  The  slug 
IS  surgically  implanted  in  the  musculotendinous  junction  in  the  forearm 
The  arm  is  placed  inside  a  solenoidally  wound  electromagnet;  current  through 
the  coil  produces  a  magnetic  field  which  exerts  a  force  on  the  slug,  and  thus 
on  the  muscle.  The  placement  of  the  slug  in  relation  to  the  coil  and  the  coil 
current  determine  the  direction,  amplitude,  and  frequency  of  the  force  on  the 
muscle,  and  thus  determine  which  receptors  are  stimulated. 

(^)  Large  Screen  Display  System.  A  large  screen  (16"  x  12")  CRT  display 
system  is  being  designed  in  order  to  present  complex  spatial  and  temporal 
visual  patterns  to  monkeys.  The  circuitry  will  generate  the  Y-axis  raster, 
the  X-axis  sweep,  the  Z-axis  blanking,  and  the  rotation  of  X  and  Y.  This 
hardware  will  receive  digital  values  for  Z-axis  modulation,  angle  of  rotation 
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X  and  Y  bounds  of  D.C.  positions  via  a  DMA  interface  to  a  PDP  LSI-11  micro- 
processor. The  microprocessor,  in  turn,  will  be  downloaded  from  a  EDP-11/40 
minicomputer,  which  will  be  controlling  the  experiment  and  collecting  data. 


COMPUTERS 

The  Section  on  Technical  Development  continues  to  support  the  use  of  the 
computer  as  a  laboratory  instrument.  Small  conqjuters  are  used  in  the  individ- 
ual laboratories  for  on-line,  real-time  interaction,  process  control  and  data 
acquisition.  STD  maintains  support  computers  in  Buildings  10  and  36.  These 
systems  provide  means  for  program  preparation,  bulk  storage,  printing  and 
plotting  capabilities,  and  minor  mathematical  and  statistical  processing. 
Experimental  data  may  be  transmitted  from  the  laboratory  computers  via  these 
systems,  to  the  DGKT  facilities  for  further  processing.  The  support  com- 
puters also  serve  to  develop  prototype  systems  and  to  test  the  feasibility  of 
the  use  of  the  computer  in  specific  laboratory  applications.  The  latter  capa- 
bility allows  an  investigator,  once  he  determines  that  the  computer  will  do 
the  job,  to  purchase  an  efficient  system  at  minimal  cost.  This  capability 
should  be  used  more  in  the  future. 

The  Section  provides  software  support  for  the  individual  investigators. 
Many  procedures  have  been  written  that  are  tailored  to  the  needs  of  the  Intra- 
mural Program,  Individual  training  is  available  for  beginning  investigators. 
Computer  specialists  are  available  for  consultation  for  all  areas  of  computer 
use,  programming,  interfacing,  real-time  applications,  time  series  analysis, 
data  presentation,  systems  configuration  and  computer  procurement.  System 
studies  are  conducted,  on  request,  for  possible  use  of  the  computer  in  labor- 
atory experimentation. 

The  Section  conducted  a  series  of  training  courses  in  the  use  of  the 
laboratory  conqjuter  during  the  past  year.  These  courses  were  designed  to  be 
used  by  scientific  personnel  beginning  to  use  the  computer  and  provided  the 
framework  to  enable  the  user  to  get  his  hands  on  a  computer  and  begin  working 
on  a  specific  application,  not  as  academic  exercises.   Unfortunately,  only  a 
very  small  percentage  of  the  students  actually  used  a  computer  following  the 
courses.  The  Section  does  not  plan  to  offer  these  courses  in  the  future, 
but  will  continue  to  provide  individual  training  to  individuals  with  specific 
applications. 

The  concept  of  the  microcomputer  as  an  integral  part  of  laboratory  instru- 
mentation for  process  control,  data  logging,  timing  and  coordination  of  in- 
struments was  thoroughly  explored  during  this  fiscal  year.  This  concept  has 
resulted  in  the  integration  of  the  functions  of  the  engineering  and  computer 
components  of  the  Section,  The  microcomputer  is  increasingly  being  used  in 
connection  with  instruments  developed  by  the  Section,  such  as  the  Patient 
Activity  Monitor  (PAM)  and  the  rat  activity  monitoring  cages,  as  well  as  com- 
mercially available  equipment  such  as  rat  rotation  cages.  The  use  of  the 
microcomputer  extends  the  range  of  application  and  adds  to  the  versatility 
of  such  instruments.  This  concept  will  open  large  areas  of  application  with 
hopefully  low  overhead  and  shortened  development  time.  The  Section  has 
explored  the  available  techniques  and  equipment  and  has  become  familiar  with 
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the  capabilities,  as  well  as  the  drawbacks  and  problem  areas,  of  the  use  of 
mlcrocon5)uter  techniques  and  equipment.  This  Integration  of  engineering  and 
oonyuter  technology  should  provide  continually  Improving  technical  support. 

Examples  of  coiqputer-related  projects  Include: 

(1)  Membrane  Activity  of  Neurosecretory  Cells.  A  computer  based  system 
for  the  digitization  and  analysis  of  membrane  currents  elicited  from  voltage 
clamped  neurosecretory  cells  was  developed  in  collaboration  with  the  Labor- 
atory of  Neurophysiology.  This  system  provides  a  means  to  study  the  conduct- 
ance of  cell  membranes  that  may  exhibit  bursting  capabilities  during  clamping. 
The  activity  of  the  action  potential  may  be  retained  while  studying  the  slower 
changes  in  the  conductance  of  the  membrane.  This  system  is  applicable  to  all 
voltage  clan?)  data  and  should  eliminate  tedious  pencil  and  ruler  processing 
of  current  changes. 

(2)^  Continuous  Performance  Task.  A  PDP-11/03  microcon5)uter  has  been 
used  to  inqjlement  the  Continuous  Performance  Task,  a  testing  procedure  used 
to  measure  attention  and  vigilance.  Letters  of  the  alphabet  are  displayed 
in  random  sequence  on  a  dot  matrix  light  emitting  diode  display.  The  subject 
responds  by  pressing  a  button  when  a  certain  letter  sequence  (i.e.,  the  letter 
A  followed  by  the  letter  X)  appears  on  the  display.  The  microcomputer  records 
the  nxmber  of  correct  responses  and  the  response  times.  Two  error  scores  are 
recorded:  omissions  (failure  to  respond  when  appropriate),  and  commissions 
(responses  made  when  there  was  not  an  appropriate  stimulus  combination).  At 
the  completion  of  the  test  session,  a  summary  of  the  results,  including  the 
mean  and  standard  deviation  of  the  response  times,  is  printed  on  a  terminal. 

(3)  Automated  Analysis  of  Autoradiographs .  An  operator  interactive 
system  for  the  densitometric  analysis  of  autoradiographs  has  been  developed. 
Under  control  of  a  PDP-11/34  conqjuter,  the  information  present  in  pictorial 
form  in  the  autoradiograph  is  converted  to  digital  densitometric  data  by  a 
scanning  microdensitometer  and  displayed  on  a  video  monitor.  Image  features 
are  isolated  using  a  joystick  controlled  outlining  frame,  with  area  and 
average  density  conqjuted  on  request. 

(4)  Cell  Culture  Analysis.  The  Section  developed  a  prototype  system  for 
the  study  of  the  electrical  activity  of  neural  cell  cultures  on  the  PDP-12. 
This  system  was  designed  to  provide  on  line  control  of  artifacts  introduced 
by  the  measurement  systems,  a  method  of  interactively  determining  thresholds 
and  to  set  parameters.  Data  may  be  visually  displayed  in  a  variety  of  for- 
mats as  the  experiment  is  in  progress.  The  elicited  activity  is  immediately 
available  to  enable  the  investigator  to  select  the  proper  measures  to  study 
different  types  of  cells.  The  system  analyzes  excitatory  and  inhibitory 
post-synaptic  potentials,  spontaneous  and  elicited  action  potential,  as  well 
as  spontaneously  occurring  changes  in  membrane  activities.  These  routines 
analyze  elicited  responses  from  individually  presented  stimuli,  as  well  as 
stimuli  presented  as  trains  of  pulses  and  as  pairs  of  pulses. 

(5)  Membrane  Noise  Spectrum  Analysis  Programs,  A  data  acquisition  and 
spectral  analysis  system  has  been  written  for  the  PDP-11/40  which  effectively 
quantifies  the  parameters  of  membrane  current  fluctuations  in  cultured  spinal 
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nerve  cells.  The  effects  of  drugs  on  the  transmitter  mechanism  of  the  cell 
can  be  studied  by  using  these  parameters  as  statistical  measures.  The  pro- 
gramming system  is  a  continuation  and  enhancement  of  a  similar  system  used 
to  study  voltage  fluctuations  in  turtle  cones, 

(6)  PAM  Continuous  Activity  Monitoring.  Until  recently,  the  data  anal- 
ysis methods  used  to  interpret  PAM  data  have  been  essentially  restricted  to 
studying  isolated  records  and  obtaining  statistics  on  a  day-to-day  basis,  A 
new  software  system  has  been  developed  which  allows  one  to  collate  all  the 
data  for  one  patient  into  one  "continuous"  file  in  order  to  carry  out  a 
"global"  analysis.  It  also  serves  obvious  organizational  purposes.  It  is 
hoped  that  the  regular  PAM  data  structure  would  become  only  an  intermediate 
step  in  establishing  a  patient  activity  record  over  periods  of  time  in  the 
order  of  months.  The  advantages  of  this  data  system  include  the  ability  to 
study  long-term  trends  and  cycles,  averaging  data,  frequency  analysis,  ampli- 
tude analysis,  as  well  as  data  compression  for  visual  inspection  and  presen- 
tation. 


UNIT  ON  LABORATORY  ANIMAL  MEDICINE  AND  CARE 

The  Unit  on  Laboratory  Animal  Medicine  and  Care  is  staffed  by  a  veter- 
inarian, laboratory  animal  technicians  and  animal  caretakers  who  provide 
daily  care  and  maintenance  of  laboratory  research  animals. 

Services  provided  by  the  Unit  include: 

(1)  Management  of  the  Central  Primate  Facility.  The  Central  Primate 
Facility  has  a  capacity  for  approximately  forty  primates.  At  present,  four 
investigators  have  research  projects  in  progress.   Support  is  provided  through 
assistance  in  preparing  surgical  models,  insertion  of  catheters,  and  maintain- 
ing animals  on  special  diets  and  feeding  routines, 

(2)  Tuberculosis  Testing  Program.  All  primates,  including  those  located 
at  St.  Elizabeth's  Hospital,  are  tuberculosis  tested  every  three  months, 

(3)  Treatment  of  sick  and  post-surgical  animals, 

(4)  Assistance  in  animal  procurement  when  needed. 

(5)  Providing  day  to  day  care  and  maintenance  of  research  animals. 
Care  and  maintenance  of  research  animals  are  provided  seven  days  a  week  in 
all  areas.  The  supervisor  for  the  Unit  provides  day  to  day  contact  with  per- 
sonnel in  all  work  areas  and  coordinates  weekend  and  holiday  schedules.  This 
position  has  been  essential  in  establishing  and  implementing  work  routines. 
Work  routines  have  been  established  in  all  animal  areas.  Night  coverage  of 
the  primate  nursery  has  been  working  very  smoothly  since  its  implementation 
with  two  part-time  persons  covering  on  alternating  nights. 

(6)  Employee  Health  Program,  A  list  of  all  NIMH  personnel  working  with 
animals  was  prepared  and  sent  to  the  Occupational  Medical  Service  (OMS)  for 
scheduling  of  physical  examinations.   To  date,  the  scheduling  has  not  started. 
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A  follov-up  In  the  near  future  will  be  made  so  that  the  program  can  be 
started. 

(7)  This  past  year  an  upward  mobility  training  program  for  animal 
caretakers  was  initiated.  The  goal  of  this  program  is  to  select  personnel 
for  further  training  who  have  become  proficient  in  their  present  job  but 
lack  a  career  ladder  to  learn  new  skills  and  techniques  for  further  advance- 
ment. The  training  period  lasts  for  approximately  one  year,  after  which  the 
trainee  returns  to  his  former  duties  with  qualifications  for  advancement  to 
the  biological  technician  (animal)  field. 

Upgrading  of  the  animal  holding  facilities  continues.  New  rodent,  rab- 
bit and  primate  cages  have  been  ordered  for  the  animal  rooms  in  Building  36 
and  rat  and  hamster  cages  have  been  ordered  for  the  Poolesville  facilities. 

Although  the  animal  holding  facilities  at  St.  Elizabeth's  Hospital  are 
not  part  of  the  Unit  due  to  logistic  difficulties,  the  veterinarian  is  res- 
ponsible for  the  quality  of  animal  care  delivered.  Consultant  visits  are 
made  periodically  to  assist  in  care  and  maintenance  of  research  animals  and 
to  take  care  of  health  problems  that  may  exist. 


157 


S:!r-» 


ENGINEERING.  COMPUTER  AND  FABRICATION  SERVICES 


This  table  shews  the  distribution  of  the  Section's  workload  among  the 
various  laboratories. 


LABORATORY  OR  BRANCH 


HOURS 


PERCl 


Division  of  Special  Mental  Health  Research,  NIMH  -----  4591 

Neurophysiology,  NINCDS  -----------------  2507 

Neuropsychology,  NIMH  ------------------  2383 

Clinical  Science,  NIMH  ------------------  2300 

Section  on  Technical  Development,  NIMH/NINCDS   ------  2109 

Intraimiral  Research  Program,  NIMH  ------------  2083 

Biological  Psychiatry,  NIMH  ---------------  2016 

Experimental  Therapeutics,  NINCDS   ------------  2007 

Intramural  Research  Program,  NINCDS  -----------  1982 

Clinical  Psychobiology,  NIMH  ---------------  1674 

Developmental  Neurobiology,  NICHD  ------------  1458 

Neurophysiology,  NIMH  ------------------  1442 

Brain  Evolution  and  Behavior,  NIMH  ------------  1016 

Cerebral  Metabolism,  NXMH  ----------------  788 

Biophysics,  NINCDS  -------  ________  733 

Neuropathology  and  Neuroanatomical  Sciences,  NINCDS  -  -  -  7I8 

Molecular  Biology,  NINCDS   ----------------  631 

Neurochemistry,  NIMH  -------------------  435 

Clinical  Neurosciences,  NINCDS  --------------  417 

Neurochemistry,  NINCDS  ------------------  404 

Central  Nervous  System  Studies,  NINCDS  ----------  372 

Neurobiology,  NIMH  --------------------  335 

Developmental  Psychology,  NIMH  --------------  294 

General  and  Comparative  Biochemistry,  NIMH  --------  259 

Psychology  and  Psychopathology,  NIMH  -----------  205 

Neuro-Otolaryngology,  NINCDS  ---------------  133 

Neuroimmunology,  NINCDS   ---------_--_____  84 

Others,  NINCDS  -  -.________.____  70 


13.72 

7.49 

7.12 

6.87 

6.30 

6.22 

6.03 

5.99 

5.92 

5.00 

4.36 

4.31 

3.04 

2.35 

2.19 

2.15 

1.89 

1.30 

1.25 

1.21 

1.11 

1.00 

.88 

.77 

.61 

.41 

.25 

.21 


NIMH  (Total) 
NINCDS   (Total) 
NICHD  (Total)* 


^<NICHD  loans  the  Section  one  position,  and  is  thus  entitled  to  1700  hours 
of  service. 
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20,876 

62.40 

11,118 

33.25 

1,458 

4.35 

33,452 

100.00 

.ed  to  1700 

hours 

LIBRARY 


HMH 

"I"    Amazing  Rese 
Amazing  Help. 

http://nihlibrary.nih.gov 


1 0  Center  Drive 

Bethesda,  MD  20892-1 1 50 

301-496-1080 


NIH  LIBRARY 
4  0134  2552 


■  --A    "'■'*  ■^■'''r  :^li;''*':i^:'^mi 


N  H  LIBRARY 


3  1496  00181  0137 


